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INTRODUCTION 
Leguminous crops supply as much as 20-40% of edible protein and are 
claimed to be indispensable protein-food in tropical and subtropical regions of the 
world. This applies to India in particular, where the majority of the population 
depends upon vegetable proteins. In fact, legumes have no parallel substitute in the 
green world as a source of biologically fixed nitrogen and as green manure used 
for ameliorating degraded soils. The unique mechanism of symbiotic dinitrogen 
fixation in legumes revitalizes soil fertility for the next crop. It is estimated that 
14-35 million tons of dinitrogen is fixed annually by symbiosis in legumes 
(Quespal, 1974). The role of legumes has been further emphasized to de-escalate 
the acute problem of pollution due to indiscriminate use of nitrogen fertilizers 
(Burman, 1990; Ray and Kumar, 1990). 
Nutritional requirement of high yielding leguminous varieties in diverse 
agro-climatic conditions is yet to be worked out and poses one of the key obstacles 
in releasing their full genetic potential. Preliminary trials indicate that legumes 
show excessive response to phosphatic fertilizers (Shukla, 1964; Sharma, 1970; 
Singh, 1983) and require only an insignificant amount of nitrogenous fertilizers as 
the 'starter dose' prior to commencement of dinitrogen fixation. The information 
available in literature reveals that phosphorus promotes nodulation, dinitrogen 
fixation and efficient partitioning of photosynthesis between source and sink 
(Singh 1970; Giaquinta and Quebedeaux, 1980; Subba Rao et. al., 1986). 
Additionally, phosphorus plays a major role in the existence of all living 
organisms on the earth. It ensures the transfer and storage of energy and permits 
the conservation and transmission of genetic characteristics in plants as well as in 
man and animals (Reddy, 2004). Unfortunately, most of the Indian soils are poor 
in their P-content or whatever P is present in the soils may not be readily available 
to plants. It is no wonder then, that the importance of phosphorus nutrition for 
leguminous crop production has been recognized even by uneducated farmers. 
Consequently the consumption of phosphorus has increased many folds over the 
past few decades. However, the world supply of rock phosphate is limited and 
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there is a growing apprehension of its final exhaustion soon due to high rates of 
depletion. Therefore, apart fi-om upgrading of per capita productivity of grain 
legumes, it is also highly desirable to explore the possibilities of achieving 
economy of phosphatic fertilizers, without sacrificing the agricultural yields, 
through new and innovative techniques including selection of the most suitable 
source of phosphorus for various agro climatic zones. 
In order to reduce the use of chemical fertilizers, biofertilizers play a crucial 
role by increasing the availability of soil nutrients to plants, and, thus, to sustain 
crop production. Biofertilizers are living microorganisms which, when applied to 
seed, plant surfaces or soil, colonize the rhizosphere or the interior of the plant and 
promote growth by increasing the supply or availability of primary nutrients to the 
host plant (Vessey, 2003). The pulse crops have unique properties of nodulation 
through Rhizobium bacteria. These bacteria, through biological nitrogen fixation, 
meet about 80-90% of total N requirements of legumes (Verma, 1993). Rhizobium 
is a well known N-biofertilizer. It is a symbiotic (associative and endophytic) 
microorganism that fixes dinitrogen in the root nodules of legumes (Biswas et al., 
2000a, b). Likewise, the P-biofertilizer, commonly known as phosphate 
solubilizing bacteria (PSB), has the capacity to solubilize the residual or fixed 
phosphorous, increase the availability of phosphorous in the soil (Misra, 1995), 
produce the growth promoting substances like indole acetic acid (lAA) and 
gibberelic acid (Sattar and Gaur, 1987) and, thus, increase the overall P-use 
efficiency of the crops (Tiwari et al., 1989), PSB species are used as biofertilizer 
since 1950's (Kudashev, 1956; Krasilinikov, 1957). These microorganisms secrete 
different types of organic acids e.g., carboxylic acid (Deubel and Merbach, 2005) 
that lower the pH of the rhizosphere (He and Zhu, 1988) and consequently leads to 
dissociation of the bound forms of phosphate like Ca (PO ) in calcareous soils. 
Use of these microorganisms as environment-friendly biofertilizer helps to reduce 
the much expensive phosphatic fertilizers. Trials with PSB have indicated 
significant yield increases in rice (Tiwari et al, 1989), maize (Pal, 1999) and other 
cereals (Afzal et al, 2005; Oztiirk et al, 2003). In addition. Phosphate solubilizing 
bacteria have proved helpful in biological nitrogen fixation in pulses and other 
legumes (Parihar and Tripathi, 1989; Poi et al., 1989), indicating the need for dual 
inoculation with N and P biofertilizers in legumes in order to exploit their full 
genetic potential. 
India, being the largest pulse producing country in the world, occupies the 
largest area under pulse cuUivation. India's contribution to total world pulse 
production is about 24%. However, during the last 4 decades its production and 
area have remained more or less stagnant. Figures show that in 1993-94 (around 15 
years ago), India's pulse production was around 13.30 million tones and the crop 
was sown in almost 23 million hectares of land (both rabbi and kharif). Since then, 
total pulse production has climbed to 14.66 million tons, a rise of just 10.22 %, 
while the acreage has remained stagnant at around 24 million hectares. In other 
words, both the area and per hectare yield under pulses has remained almost 
stable, barring few deviations, while the population has grown at a compound 
annual growth rate of around 1.8% in the last two decades. In fact, one big reason 
for the recent spurt in prices of the pulses is obviously the stagnant production that 
does not match the steady rise in consumption. The situation demands the farm 
scientists to enhance the per capita productivity of grain legumes, for more arable 
land cannot be allocated to these crops due to rapid urbanization and 
industrialization, leading ultimately to the decline in the availability of agricultural 
lands. To cope with the situation, it is indispensable to develop the high yielding 
cultivars of grain legumes together with working out precise package of their 
agronomic practices such as crop management, irrigation schedule, nutritional 
requirement, etc. 
Recognizing the need of conducting the research in this regard, the present 
experiment was carried out on chickpea {Cicer ahetinum L.) that is regarded as 
one of the most important cool-season food legumes of the world, occupying the 
highest area of over 12 million hectares and contributing approximately 60% of the 
world's pulse production in an area of about 28 million hectare (Prasad, 2002). 
The experiment was aimed at increasing the seed yield of chickpea in a cost-
effective manner. The experiment was conducted using graded levels of inorganic 
P fertilizer alone or in combination with N and P biofertilizers. The results have 
been encouraging and advocate the potential use of N and P biofertilizers along 
with the application of inorganic P fertilizer in order to get high production of 
chickpea. 

REVIEW OF LITERATURE 
Of the plant nutrients, N and P are considered to be of prime importance as 
these nutrients are absorbed and utiHzed by the plants in larger quantities. N, for 
example, is the single most important element limiting plant growth and is 
required in large quantities. As vegetative growth includes the formation of new 
leaves, stem and roots, the involvement of N through protein metabolism controls 
the growth. Phosphorus (P) is another major growth-limiting nutrient for the crops. 
Root development, stalk and stem strength, flower and seed formation, crop 
maturity and production, Nitrogen fixation in legumes, crop quality, and resistance 
to plant diseases are the attributes associated with phosphorus nutrition of crops. 
However, the available P content is low in majority of the soils in the country. The 
native phosphate in acid soils is in a fixed state with aluminum and iron, and is not 
available to plants directly. Consequently, external application of P is necessary 
for a better growth and productivity. But, the high cost of water-soluble phosphatic 
fertilizers has led to the search of an alternative use of phosphorus in order to 
minimize the use of inorganic P fertilizer without compromising for the 
productivity and economic value of the crop. Though there is no large atmospheric 
source that can be made biologically available to the crops, the phosphate 
solubilizing microorganisms (PSM) could play important role in this regard 
(Ezawa et al. 2002). Phosphate solubilizing bacteria (PSB) are being used as 
biofertilizers since 1950s (Kudashev, 1956; Krasilinikov, 1957). Inorganic forms 
of soil-P could be solubilized by a group of heterotrophic microorganisms that 
produce organic acids so as to dissolve phosphatic minerals and/or chelate cationic 
partners of the P ions (PO4"") directly, releasing the bound-P into solution (He and 
Zhu, 1988; He et al, 2002). Thus, the use of seed-inoculation with P-biofertilizer 
in case of grain legumes might be an alternative to the expensive inorganic P-
fertilizer application, particularly for improving the production of food legumes in 
the country. Through research, it has been clear that a balanced dose of chemical 
fertilizers in the presence of specific biofertilizers might give much better results 
for agricultural performance of leguminous crops compared to the two types of 
fertilizers being applied alone. The requirement of phosphorus fertilizers for 
various crops has been worked out in different conditions. In this aspect, 
considerable scientific literature is available for various leguminous crops. In the 
following pages, some of the important and relevant research papers on various 
leguminous and other crops are reviewed with regard to P application in the form 
of chemical fertilizers and/or biofertilizers. 
1.1 Effect of phosphorous 
Yahiya et al. (1995) studied the influence of phosphorous on nitrogen 
fixation in chickpea cultivars. They observed that phosphorous concentration of 
shoots and roots, soluble sugar content of nodules, and shoot N accumulation were 
significantly increased by 40 kg P2O5 ha"\ Performance-wise, Pusa-417 gave the 
best response to 40 kg P2O5 ha"', while Pusa-408 and C-235 interacted with 20 kg 
P2O5 ha"* to give the best results. In another field trial, Yahiya and SamiuUah 
(1995) observed that 40 kg P2O5 ha'* proved to be the most effective dose for 
nodulation, N2 fixation, leaf area, shoot dry weight, nodule dry weight and 
acetylene reduction in chickpea. As per their observations, P content of shoot and 
root, soluble sugar content of nodules and N uptake of shoot were also increased 
dueto40kgP2O5ha"'. 
Singh et al. (1997) studied the effect of nitrogen and phosphorous 
application on growth and yield of Indian mustard {Brassica juncea) and Chickpea 
{Cicer arietinum) in an intercropping experiment. They observed that the seed 
yield of B. juncea was the highest with 80 kg N and 60 kg P2O5 ha'*. The seed 
yield of chickpea was not affected by N rates. However, P2O5, applied at 60 kg ha' 
', resulted in the maximum seed yield. 
Ayub et al. (1998) studied the response of mungbean to different levels of 
phosphorous. They recorded a progressive increase in seed yield of green gram as 
a result of P application up to 75 kg P2O5 ha"'. Beyond 75 kg P2O5 ha'', they 
observed significant depressions in the yield and yield components. 
Guhey et al (2000) reported a progressive increase in seed protein content 
in chickpea with increasing phosphorus levels (20,40, 60 and 80 kg ha'*). Due to P 
application, the seed sugar content increased up to pod filling stage, showing the 
declining trend thereafter. 
Meshram et al. (2000) studied the effect of VAM ftingi and P-sources on 
the nutrient uptake. They found that yield of chickpea was 2.38 t ha"' without 
added P, while among P-sources the yield ranged from 2.68 t ha'' with 
superphosphate to 3.52 t ha"' with rock phosphate. They further observed that 
inoculation with a mixture of 3 VAM species {Glomus mosseae, Gegaspora 
calospora and Acaulospora sps.) gave a seed yield of 3.78 t ha''; while, the 
individual species of VAM yielded 3.54, 3.22 and 3.17 t ha"', respectively. 
Sharma et al. (2000) studied the influence of various doses of nitrogen and 
phosphorus on protein content, seed yield and yield attributes of mungbean [Vigna 
radiate (L.) Wilezek]. As per their observation, a significant increase was 
registered in the test weight, seed yield and biological yield due to the application 
of20kgNand60kgPha''. 
Khanda et al. (2001) studied the response of rice-bean (Vigna umbellata) to 
row spacing and phosphorous levels under rain-fed conditions. They observed that 
application of 60 kg P ha'' significantly improved the plant growth, seed yield, 
yield attributes and nutrient uptake compared to the respective values obtained as a 
X esult of application of other P levels (20 and 40 kg P ha") 
Bahadur et al. (2002) studied the response of various varieties of chickpea 
{Cicer arietinum L.) to different phosphorus levels. Phosphorus application 
significantly increased the growth characters, seed yield and yield attributes of 
chickpea. In particular, they found a significant enhancement in the seed yield, 
biological yield and yield components of Barichola-5 variety of chickpea as a 
resuh of P application at 60 and 80 kg ha''. 
Brar et al. (2003) studied the response of wheat to applied phosphatic 
fertilizer in some flood-plain soils of Punjab. They observed that wheat responded 
significantly to both native and applied phosphorus up to 50 mg ha"' soil in low-
and medium-P soils and up to 25 mg ha"' in high-P soils. Further, they observed a 
significant increase in plant P content due to P application in all the soils tested. 
Kashid and Sabale (2003) applied different sources of phosphorous to a 
cropping system comprised of wheat and pigeonpea. They observed the highest 
increase in growth contributory characters, yield contributory characters and seed 
(24.56 q ha"') and stick-bhusa (40.60 q ha"') yield of pigeonpea due to application 
of 50 kg P ha"' applied as phospho-compost. On the other hand, 60 kg P ha"' 
recorded the highest values of yield contributory characters. It also resulted in the 
maximum seed yield (59.20 q ha"') and straw yield (83.87 q ha"') of wheat. The 
next P-level was 30 kg P ha"' that produced 54.52 and 76.16 q ha"' of grain and 
straw yield, respectively. 
Reddy and Singh (2003) studied the effect of different sources of 
phosphatic fertilizer on growth and yield of wheat. They found that single 
superphosphate (SSP) resuhed in the highest grain yield (50.27 q ha'') of wheat. 
The wheat crop responded to other phosphatic fertilizer also, viz. nitrophos and 
diammonium phosphate (DAP), giving a grain yield of 43.9 and 43.13 q ha"', 
respectively. 
Tiwari et al. (2005) studied the response of soybean to basal application of 
P2O5 and K2O. They observed a significant increase in seed yield, straw yield and 
uptake of N, P, K and S nutrients due to application of P2O5. Phosphorus 
application, however, decreased the uptake of Ca, Mg, Fe, Zn, Cu and Mn in the 
plants. Besides, they observed a significant increase in seed yield, straw yield and 
uptake of major as well as secondary and micronutrients as a result of K2O 
application. 
Walley et al. (2005) studied the management of nitrogen and phosphorus 
fertility for desi and Kabuli varieties of chickpea. They noted that application of 30 
or 45 kg N ha"' enhanced the seed yield of desi variety by as much as 221 kg ha"'. 
Phosphorus application at 40 kg P2O5 ha'' enhanced the vegetative growth of both 
the chickpea varieties, but significant enhancement (121 kg ha"') in seed yield was 
observed only in case of desi variety. Shoot N and P accumulation in both of the 
chickpea varieties generally increased with P application, but N2 fixation was 
unaffected. The results suggested that although N and P application had no effect 
on the seed yield of Kabuli variety, desi variety yield might be optimized by the 
application of low rates of starter N (30 kg N ha'') and P (20 kg P2O5 ha"'). 
Tiwari and Pal (2005) studied the effect of graded levels of phosphorus and 
potassium on seed yield and quality of soybean. They also computed crop 
economics and determined the balance sheet of N and P in the plant-soil 
continuum. They found that application of P2O5 and K2O up to 50 kg ha' 
increased the seed yield, protein content, oil content, net returns and B:C ratio. In 
this regard, 50 Kg P2O5 ha"' was statistically equal with 90 Kg P2O5 ha'', while 50 
Kg K2O ha'' was at par with 75 Kg K2O ha''. However, the highest seed yield and 
N and P removal (with positive balance sheet) were recorded with the application 
of 90 kg P2O5 and 75 Kg K2O ha''. 
Yakadri and Murthy (2006) studied the impact of N and P application on 
crop production and economics of the crop sequence comprising black gram and 
foxtail millet. They observed a higher 'net profit' and 'equivalent yield' of black 
gram due to combined application of 20 kg N + 60 kg P2O5 ha"' compared to other 
treatments. 
Mitra et al. (2006) investigated the effect of different levels of phosphorus 
and sulphur on seed yield, yield attributes, and seed protein content of summer 
green-gram. They also determined the economics of the crop. They observed a 
significant increase in the seed yield of green-gram with the increasing levels of 
phosphorus and sulphur. They showed that combined application of phosphorus 
(60 kg P2O5 ha'') and sulphur (40 kg S ha"') gave the highest seed yield, number of 
pods per plant, number of seeds per pod, 1000-seed weight, net return and the 
return per rupee invested. 
Kumar and Kushwaha (2006) explored the response of pigeon-pea to 
sources and levels of phosphorus under rain-fed condition. They observed that 
compared to diammonium phosphate, application of single superphosphate (SSP) 
gave significantly higher value for number of nodules per plant, dry weight of 
nodules per plant and number of pods per plant. SSP application also increased the 
seed yield, total P uptake and net returns compared to the respective application of 
diammonium phosphate. In general, the seed yield and net returns increased 
significantly with P levels up to 40 kg P2O5 ha''. 
Ashoka et al. (2008) conducted a field experiment to study the effect of 
micronutrients applied with or without organic manure on the seed yield of Baby 
corn-chickpea cropping sequence during 2005-2006 crop season. They reported 
that application of recommended fertilizer dose (RFD) (150:75:40 kg N, P2O5, 
K2O ha"') + 25 kg ZnS04 ha'' + 10 kg FeS04 ha'' + 35 kg Vermicompost ha' 
resulted in significantly higher values of seed yield (64.43 q ha"'), green fodder 
yield (232.33 q ha''), and yield components viz., ear length (7.40 cm), ear girth 
(4.99 cm), and ear weight (17.40 g). Similarly 50% of RFD (12.5: 25: 12.5 kg N, 
P2O5, K2O ha'') applied to chickpea significantly increased the seed yield (15.4 q 
ha"') and yield attributes viz., number of pods per plant (100.33), and test weight 
(24.80 g) compared to the RFD alone and to all other fertilizer treatments applied 
along with micronutrients and farmyard manure. 
Abayomi et al. (2008) conducted a field study to investigate the effects of 
compound fertilizer (N, P, and K) on growth and yield of cowpea genotypes. The 
fertilizer level ranged from 0 to 300 kg (NPK) per hectare (equivalent to 0:0:0 to 
60:30:30 kg N:P:K per hectare). They reported that fertilizer application resulted in 
significant improvement in plant height, number of leaves per plant and reduced 
number of days to flowering. Seed yield and yield components were significantly 
enhanced by the fertilizer application at 150 kg ha"' (i.e., 30 kg N, 15 kg P2O5 and 
15 kg K2O per hectare). 
Vashist and Yadav (2009) conducted a field experiment to study the effect 
of three levels each of nitrogen (0, 50 and 75 kg N ha'') and phosphorus (0, 50 and 
10 
75 kg P2O5 ha'') on seed yield of tobacco. They found that application of nitrogen 
and phosphorus significantly increased the seed yield. The plots with N75 + P75 + 
Kioo showed the highest seed yield, which was significantly higher than that 
obtained due to other treatment combinations. 
Kumar and Singh (2009) investigated the effect of N and P fertilization on 
seed quality of mungbean genotypes (MH 85-111 and T-44). They noticed no 
effect of N and P fertilization on seed germination (%). However, root length, 
shoot length, total seedling length, dry weight of the seedling, and vigor index 
were significantly increased up to 20 Kg N and 40 kg P2O5 ha'' applied to the crop. 
1.2. Effect of Rhizobium 
El-Ghandour et al (1996) conducted a field experiment to compare a local 
variety of chickpea (Giza 2) and its recently developed cultivar (L3). The two 
genotypes were grown with inoculation of Rhizobium and/or arbuscular 
mycorrhiza (AM) to study the chickpea response for biological dinitrogen fixation 
and crop P uptake. They observed a significant increase in dry biomass through the 
biological inoculation. They also found that soil chemical and physical properties 
had a significant effect on the ability of the two genotypes to fix the dinitrogen. 
These soil properties also significantly affected the crop capability for P uptake 
and tissue-N accumulation. 
Elsheikh and Mohamedzein (1998) carried out a field experiment on 
groundnut to explore the effect of Bradyrhizobium and mycorrhiza {Glomus sp.) 
inoculation in respect with addition of urea and superphosphate on proximate 
composition, in vitro protein digestibility (IVPD) and tannin content of seed. They 
found that mycorrhizal inoculation and/or superphosphate application significantly 
increased both oil and protein content of groundnut seeds. On the other hand, 
Bradyrhizobium and /or nitrogen fertilizer significantly increased the seed-protein 
content but simultaneously decreased the oil content of seed. Further, 
Bradyrhizobium and/or mycorrhizal inoculation significantly increased the ash, 
crude fibre, IVPD and tannin content. The biological and chemical fertilizers 
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applied significantly increased the tannin content also. No biological or chemical 
treatment could, however, affect the moisture content of seed. 
Singh and Tarafdar (2001) studied the effect of Rhizobium inoculation on 
yield and quality of mungbean {Vigna radiate L.). They observed that Rhizobium 
inoculation significantly increased the number of nodules, crop biomass, dry 
matter production (by 14%), seed yield (by 16%), straw yield, total N fixation (by 
22%), straw and seed protein contents and total N uptake by seed and straw. 
Sharma (2001) studied the influence of inoculation of green gram 
(Phaseolus aureus Roxb.) with various strains of Bradyrhizobium in terms of 
growth rate, physiological parameters and seed yield. According to them, the local 
isolates of Bradyrhizobium sps. showed maximum increase in crop growth rate 
(CGR), relative growth rate (RGR) and photosynthetic efficiency at various 
growth stages. There was recorded maximum CGR and RGR at 30-45 days after 
sowing. Later, the values of these growth parameters declined. Photosynthetic 
efficiency of the crop was at its peak at flowering stage, showing a declining trend 
thereafter. Further, seeds inoculated with local isolates showed significantly higher 
seed yield as compared to other biological strains and the control (with no 
inoculum applied). 
Mayz et al (2003) investigated the effect of different isolates of Rhizobium 
on the growth and seed yield of cowpea {Vigna unguiculata (L.) Walp.]. They 
observed that the effect of Rhizobium inoculation was significant on all the 
parameters studied. The shoot nitrogen content and total dry biomass were 
recorded to be the highest for the strains JV 91, JV 94 and JV 101. These stains 
also possessed the highest potential for nitrogen fixation. 
Hernandez and Cuevas (2003) studied the effect of inoculation of soybean 
with the strains of Bradyrhizobium japonicum and Glomus fasciculatum, singly or 
in combination, in terms of seed yield and yield components. They observed that 
combined inoculation of 5. Japonicum and G. fasciculatum or that of 80 Kg P + 60 
Kg K ha"' + inoculum of 5. japonicum was most beneficial for plant height, nodule 
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number per plant, pod number per plant, seed number per pod, 100 seed weight 
and agricultural yield. 
Naik et al. (2007) looked into the effect of different strains of Rhizobium on 
root nodulation, nitrogenase activity and seed yield of different cultivars of cowpea 
[Vigna sinensis (L) Savi ex Hassk]. They observed that application of Rhizobium 
strain COC-10 resulted in significantly enhanced nodule number, legheamoglobin 
content, nitrogenase activity, seed yield, seed nitrogen and protein content in case 
of Pusa Barsati and Pusa Kesari cultivars, while TAL-1000 stain was beneficial for 
C-152 cultivar in this regard. 
Biswas and Bhowmick (2007) carried out a field experiment during kharif 
(summer season) of 2003-2004 to evaluate the response of urd-bean [Phaseolus 
mungo var radiates (Linn)] to liquid and carrier based Rhizobium inoculants. They 
found that application of inorganic N either at 20 or 40 kg ha'^  gave the highest 
seed yield followed by the seed treatment with liquid Rhizobium inoculant (LRI) 
and carrier-based Rhizobium inoculants (CRI). Yield advantages due to inoculation 
with LRI and CRI were 13.06 and 9.61%, respectively, over the uninoculated 
control. There was positive correlation between symbiotic traits (nodule number, 
nodule dry weight and total dry matter per plant) with seed yield of urd-bean. 
1.3. Effect of phosphorus solubilizing bacteria (PSB) 
Sharma (2003) studied the effect of phosphate solubilizing bacteria (PSB) 
on the efficiency of Mussorie rock phosphate in Rice (Oryza sativaj-'wheat 
(Triticum aestivum) cropping system. He found that application of Mussorie rock 
phosphate with PSB significantly increased the seed yield, straw yield, N uptake, P 
uptake and K uptake with regard to rice-wheat cropping system. 
Pathak et al. (2003b) investigated the effect of biofertilizers, diammonium 
phosphate (DAP) and zinc sulphate on content and uptake of nutrients of chickpea 
{Cicer arietinum L). They found the highest uptake of N, P, K and S nutrients as a 
result of application of PSB + 10 t of FYM ha"' and 12.5 kg of ZnS04 ha"'. 
13 
Dwivedi et al. (2003) studied the effects of inoculation of VAM fungi, 
charcoal based inoculum of fluorescent Pseudomonas, phosphate solubilizing 
bacterium (PSB) (Bascillus subtilis), and peat-based effective mutant of 
Azotohacter chroococcum on the growth and mineral nutrition of wheat genotype 
C-306. They observed that VAM inoculated plants showed a higher percentage of 
germination, plant height and grain yield compared to the control and bacteria-
inoculated plants. The grain yield and uptake of N and P were substantially 
increased due to the application of inoculants. 
Gull et al. (2004) studied the effect of mineral phosphate solubilizing 
bacteria on phosphorus uptake and growth of chickpea. Inoculation of chickpea 
with the bacteria significantly increased the plant growth, shoot phosphorus and 
nitrogen concentration, nodulation efficiency and nitrogenase activity of roots, 
showing the positive effect of phosphate solubilizing bacteria inoculation on 
growth and development of chickpea. 
Chaudhari and Gavhane (2005) studied the effect of phosphate solubilizing 
biofertilizers on plant growth, nutrient uptake and seed yield of pigeonpea cv. 
ICPL-87. They reported a significant increase in plant dry matter and uptake of N 
and P as a result of inoculation of pigeonpea with five isolates of phosphate 
solubilizing bacteria (PSB) and fungi (Aspergillus sps.). There was most positive 
effect on the performance of pigeonpea when inoculated with Aspergillus niger, 
followed by that with Aspergillus awamori. Bacillus strain-1, Aspergillus 
fumigates, and Bacillus strain-2, respectively. The plant dry matter increased to the 
greatest extent at flowering (18.25%) and harvesting (23.47%) when inoculated 
with fungal inoculant A. niger. Among the bacterial inoculants. Bacillus strain-1 
recorded the maximum increase in plant dry matter at flowering (13.45%) and 
harvest (12.30%). The researchers further observed that all the inoculants 
increased the seed yield from 12.10 to 15.50 g per plant with the corresponding 
increase in N and P uptake from 23.54 to 60.43 and 14.40 to 30.198%, 
respectively, over uninoculated treatment. 
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Choudhury et al. (2005) conducted a field experiment on tomato to 
investigate the combined effect of inorganic fertilizers, organic manure and 
biofertilizer on organic carbon, available N, P2O5 and K2O in soil as well as on 
plant growth attributes. They found that organic carbon content as well as 
available N, P2O5 and K2O status of the soil was significantly improved by 
incorporation of Azotobacter, phosphate solubilizing bacteria (PSB) and farmyard 
manure (FYM) along with inorganic fertilizers. As a result of combined 
application of Azotobacter, PSB, FYM and inorganic fertilizers, the plant height, 
number of leaver per plant and yield of tomato reached to the highest extent. The 
second best values were attained with the combined application of PSB, FYM and 
inorganic fertilizer. Inoculated and fertilizer nitrogen added soil also maintained 
the increased microbial population. 
1.4. Effect of Rhizobium and PSB 
Alagawadi et al. (1988) investigated the associative effect of Rhizobium and 
phosphate solubilizing bacteria (PSB) on the yield and nutrient uptake of chickpea. 
They studied that combined inoculation of Rhizobium and PSB species (P. striata 
or B. polymyxa) increased the root-nodulation, nitrogenase activity in roots, 
available soil phosphorus content, plant dry matter content, seed yield and uptake 
of nitrogen and phosphorus significantly over the uninoculated control. 
Shinde and Bangar (2003) studied the effect of dual inoculation of 
nitrogenous and phosphatic bacterial cultural (Azotobecter and PSB) on sugarcane. 
They observed that application of Azotobecter + PSB + 100% N + 100% P resulted 
in the highest cane yield, sugar yield, germination, cane height, millable cane, 
juice purity and N soil availability. 
Tiwari and Kulmi (2005) conducted a field trial to find out the effect of 
biofertilizers along with organic and inorganic fertilizers on growth and yield of 
Isabgol {Plantago ovate Forsk.). All the treatments exerted conspicuous effect on 
growth, yield and yield attributing characters. Application of half of the 
recommended fertilizer dose (N10P20K10 + FYM 10.0 t ha'*) significantly increased 
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the plant height (18.525), effective tillers per plant (44.54%), spikes per plant 
(36.44%), test weight (20.43%), seed yield (31.17%) and net profit (Rs. 30666 ha 
') over the control. This treatment was superior to the recommended fertilizer dose 
(N20P40K20) and FYM 101 ha"' used alone for seed yield (17.89 and 7.60%) and net 
profit (14.38 and 6.53%), respectively. An increase of 9.15 and 7.70% in seed 
yield over the control was recorded due to soil application of Azotobacter and PSB 
each at 3 kg ha'\ respectively, where the highest benefit:cost ratio (136.36 and 
134.13) was obtained. 
Gupta (2004) studied the effect of methods of microbial inoculation of 
Rhizohium and phosphorus-solubilizing bacteria (PSB) on chickpea {Cicer 
arietinum L.). They observed that dual inoculation of chickpea with Rhizobium 
and PSB, exercised either as seed-inoculation or as soil-inoculation, significantly 
increased the root-nodulation, seed yield, seed-protein content, uptake of nitrogen 
and phosphorus, and the population of soil rhizosphere Rhizobium and PSB as 
compared to the control. 
Zaidi and Khan (2006) investigated the effects of nitrogen fixing bacterium 
{Bradyrhizobium sp. Vigna), phosphate solubilizing bacterium {Bacillus subtilis), 
phosphate solubilizing fungus {Aspergillus awamori) and AM fungus {Glomus 
fasciculatum) on the plant growth, chlorophyll content, seed yield, root-nodulation, 
seed protein, and uptake of N and P on green gram {Phaseolus aureus Roxb.) 
grown in phosphorus-deficient soils. They observed that triple inoculation with 
Glomus fasciculatum, Bradyrhizobium and B. subtilis significantly increased the 
dry matter yield, chlorophyll content in foliage, and uptake of N and P by the 
plants. Seed yield was enhanced by 24% following the triple inoculation relative to 
the control. The investigation showed that rhizospheric microorganisms might 
interact positively in promoting plant growth as well as N and P uptake of green 
gram, leading to the improved yield. 
Afzal and Bano (2008) studied the effect of Rhizobium and phosphate 
solubilizing bacteria (PSB) on seed yield and phosphorus uptake in wheat 
{Triticum aestivum L). They observed that single and dual inoculation, exercised 
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with phosphatic fertilizer (P2^5)' significantly increased root and shoot weight, 
plant height, spike length, seed yield, seed-P content, leaf-protein content and leaf-
sugar content of the test crop. It was concluded that single and dual inoculation 
along with phosphatic fertilizer was 30-40% better than the phosphatic fertilizer 
applied alone for improving the grain yield of wheat, while the dual inoculation 
without phosphatic fertilizer improved the grain yield up to 20% as compared to 
the P application. 
1.5. Effect of phosphorous and Rhizobium 
Sharma et al. (1995) studied the effect of phosphatic fertilizer and 
Rhizobium inoculation on chickpea and succeeding maize and fodder-sorghum. 
They found that application of 40 kg P2O5 ha"^  and seed-inoculation with 
Rhizobium in chickpea, used either alone or in combination, showed an increase in 
root-nodulation and seed yield compared to the uninoculated control for the two 
consecutive years. The treatments also enhanced the yields of succeeding maize 
and fodder-sorghum crops significantly. Rhizobium inoculation in chickpea 
produced 26.3 and 32.8% improved yields of succeeding maize and fodder-
sorghum, respectively, showing a residual effect equivalent to 20 kg fertilizer-N 
per hectare. The residual effect of Rhizobium inoculation + P fertilizer was to the 
tune of 30 and 40 kg N ha"' in maize and fodder-sorghum, respectively. 
Krishna et al (1995) studied the response of soybean to nitrogen, 
phosphorus and Rhizobium. They observed a significant increase in seed yield with 
phosphorus application up to 50 kg P2O5 ha"'. Further, seed-inoculation + 30 kg N 
ha"' gave a similar seed yield (1.37 t ha"') as did 60 kg N ha"' alone (1.381 ha"'). 
Mathan et al. (1996) studied the response of black gram {Phaseolus mungo) 
to inorganic fertilizers, farmyard manure (FYM), and Rhizobium inoculation. They 
observed that per hectare application of 25 kg N as urea + 50 kg P2O5 as single 
superphosphate + 750 kg enriched FYM + 6.25 t FYM + foliar application of 25 
kg diammonium phosphate at flower initiation and 15 days later + seed inoculation 
with Rhizobium produced the highest seed yields. 
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Gupta et al. (1998) conducted a field experiment to observe the effect of 
inorganic P fertilizer as well as that of P-biofertilizers on the field-performance of 
chickpea (cv. JG-74). The inorganic P levels were comprised of 0-40 kg P2O5 ha' 
as single superphosphate (SSP) or 40 kg P2O5 as rock phosphate. As regards the 
biofertilizer treatments, seeds were inoculated with Rhizobium and Bacillus 
bacteria. Seed yield was comparatively higher with seed-inoculation. Application 
of 40 kg P2O5 as SSP produced the highest mean seed yield (1.06 t ha"'). Both 
seed-inoculation with biofertilizer and application of inorganic phosphorus levels 
increased the N and P uptake and seed crude protein content. 
Parashar et al. (1999) studied the effect of Rhizobium inoculation and 
phosphorus application on yield and quality of broad bean (Viciafaba L.). They 
noted a marked increase in yield and quality parameters of the crop, such as 
protein, methionine and tryptophan contents of seed as a result of Rhizobium 
inoculation. On the other hand, application of 60 kg P2O5 ha'' caused substantial 
improvement in seed yield and quality parameters. 
Mishra and Baboo (1999) studied the effect seed inoculation (with 
Rhizobium) and application of nitrogen and phosphorus on cowpea (Vigna 
unguiculata). According to the results obtained, application of 20 kg N or 
Rhizobium-'moQwXdAAon of seeds significantly improved the seed yield of treated 
plants over those of the control. Moreover, 40 kg N as well as either of the N rates 
+ seed inoculation further increased the seed yield. Seed yield increased with 
increasing P rate invariably. 
Tanwar et al (2003) studied the effect of phosphorus and biofertilizers 
{Rhizobium sp. and Bacillus megaterium var. Phosphaticum) on the content and 
uptake of nutrients in black gram (Phaseolus mungo). They recorded an increase in 
crop yield, N and P contents, and N and P uptake with the increasing P rates up to 
80 kg ha' . While, inoculation with the combination of the two biofertilizers 
resulted in comparatively higher values for seed yield, N and P content of seed, N 
and P uptake in the seed and straw compared to no inoculation or individual 
inoculation. 
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Togay et al. (2008) studied the effect oi Rhizobium-\noQ\xWion, and that of 
application of sulphur and phosphorus on seed yield, yield components and 
nutrient uptake in chickpea {Cicer arietinum L.). They observed that 80 kg P ha"' 
resulted into the highest seed yield (819 kg ha''), followed by that (758 kg ha') 
obtained due to 100 kg S ha'' and that (723 kg ha"') due to inoculation with 
Rhizobium. 
Talat (2008) studied the response of faba bean {Vicia faba) to dual 
inoculation of Rhizobium and VAM fungi under different levels of N and P 
fertilization. They observed that fungal infection and rhizobial inoculation either 
alone or in combination with 50 or 75% of the recommended dose of N and/or P 
fertilizers increased the nodule formation in roots, plant growth, and seed yield. 
Besides, these treatments also increased the tissue-concentration of N, P, K, Fe, 
Zn, Mn, and Cu as well as protein and total carbohydrate in seeds as compared to 
the uninoculated plants. 
1.6. Effect of phosphorous and PSB 
Kulkami et al. (2000) studied the response of chickpea (Cicer arietinum L.) 
to rock phosphate and phosphate solubilizers. They observed that the seed yield 
and root-nodulation reached to the greatest extent as a result of single super 
phosphate (SSP) application. 
Marimuthu et al. (2003) studied the response of green gram to bio-organic 
fertilizers and Mussorie rock phosphate (MRP) on the seed yield. They recorded 
the highest growth and yield of the crop due to application of MRP at 25 kg ha"' + 
enriched bio-digested slurry at 5 t ha'' + phosphate solubilizing bacteria applied at 
2 kg ha'' as seeds-treatment or soil-inoculation. 
Singh et al. (2005) studied the effect of levels of phosphorus fertilizer (0, 
30, and 60 kg P2O5 ha'') and those of PSB (inoculation and no-inoculation) and 
moisture regimens (rain-fed and irrigated) on soil-moisture depletion as well as on 
the seed yield, root growth, root-nodulation, and phosphorus use efficiency of 
lentil (Lens culinaris). They found that application of phosphorus significantly 
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increased the seed yield, nodule number, root length, root dry weight, soil moisture 
depletion, and content and uptake of P in seed and straw. Nodule number, seed 
yield, and straw yield were relatively greater in irrigated crop compared to the 
unirrigated one. They further observed that seed-inoculation of lentil with 
phosphate solubilizing bacteria (PSB) improved its seed and straw yield besides 
improving P use efficiency of the crop. 
Parmar and Thanki (2007) studied the effect of irrigation, phosphorus 
(P2O5) and biofertilizer (PSB) on stover and seed yield of rabi (winter season) 
green gram (Vigna radiate L.). They recorded the highest values of seed yield 
(1028.9 kg ha"*) and stover yield (1978.5 kg ha"*) due to the application of 60 kg 
P2O5 ha"*. Next in sequence were stover and seed yield attained due to seed-
inoculation with the phosphate solubilizing bacteria (PSB) that reached to the tune 
of 984.1 and 1856.1 kg ha"', respectively. 
Banergee et al. (2007) studied the effect of rock phosphate, single 
superphosphate (SSP) and phosphate solubilizers on the growth attributes and root-
nodulation of chickpea in rice-chickpea cropping sequence. The data indicated that 
the application of rock phosphate along with phosphate solubilizers was 
significantly superior to the application of SSP alone with respect to plant height 
and dry matter accumulation. Application of 60 kg P2O5 ha"* as rock phosphate and 
phosphate solubilizers to Kharif-vicQ resulted in the greatest plant height, dry 
matter accumulation and root-nodulation of chickpea. 
Chavan et al. (2008) studied the effect of sources and levels of phosphorus 
with and without inoculation with phosphate solubilizing bacteria (PSB) on 
growth, yield and quality of soybean [Glycine max (L) Merill]. They observed that 
compared to non-inoculated plants, the growth and yield attributes, seed and straw 
yield, and quality attributes were significantly improved in plants, the seeds of 
which were inoculated with PSB culture prior to sowing. On the other hand, 
increase in phosphorus level from 25 to 50 and 50 to 75 kg ha'* resulted in 
significant increase in seed yield as well as in growth attributes, yield attributes, 
and quality attributes. 
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1.7. Effect of phosphorous, Rhizobium and PSB 
Saraf, et al. (1997) conducted field experiments in 1992-94 at New Delhi to 
study the effect of phosphorus (0, 30 and 60 kg ha''), sulphur (0,40 and 80 kg ha"') 
and that of seed inoculation with Rhizobium and PSB on the performance of 
chickpea {Cicer arietinum L) cv. Pusa 267. They recorded the highest seed yield 
with 60 kg P2O5 (1.241 ha"') in both the years and with 80 kg S ha"' (1.14 t ha"') in 
1992-93 only. They also observed that the mean seed yield was higher with 
Rhizobium and PSB inoculation (1.03 t ha'') than without the bacterial inoculation 
(0.881 ha''). 
Jain et al. (1999) studied the response of chickpea {Cicer arietinum L) to 
phosphorus (P2O5) and biofertilizer (PSB), They observed that seed inoculation 
with Rhizobium and PSB increased the seed yield by 15 and 10%, respectively, 
compared with no inoculation; while, combined inoculation of Rhizobium and PSB 
+ 60 kg P2O5 ha"' produced the greatest mean seed yield of 1.63 t ha"' along with 
the highest net returns. 
Meena et al. (2003) studied the effect of moisture conservation practices, 
phosphorus levels and bacterial inoculation on yield and nutrient uptake of 
chickpea. They recorded the highest straw yield and the greatest contents of N, P 
and K with the application of 60 kg P2O5 ha"'. The application of 30 and 60 kg 
P2O5 ha"' resulted in the maximum seed yield. As a result of Phosphobacterium-
inoculation, there was noted an increase in seed yield, straw yield, harvest index, 
and N, P and K uptake over no inoculation. 
Pathak et al. (2003 a) studied the effect of biofertilizers, diammonium 
phosphate (DAP) and zinc sulphate (ZnS04) on growth attributes, seed yield, and 
yield components of chickpea {Cicer arietinum L.). They observed that seed yield 
as well as plant height, number of branches per plant, root-nodulation, number of 
pods per plant, number of seeds per pod, and 1000-seed weight increased to the 
maximum extent due to application of 69 kg P2O5 ha*' through DAP. However, 
21 
PSB + 10 t ha'' FYM + 12.5 kg ZnS04 ha"' proved to be the most beneficial 
nutritional dressing for the parameters studied. 
Meena et al. (2003) studied the effect of phosphorus and biofertilizer (PSB) 
on the yield and yield attributes of cluster bean [Cyamopsis tetragonoloha (L.) 
Taub.]. They recorded the highest values of pod number per plant, number of seeds 
per pod, length of pod and test weight as a result of phosphorus dressing at 45 kg P 
ha'\ This P dose was statistically at par with 60 kg P ha"'. Thus, seed yield 
increased significantly with increasing P rates up to 45 kg ha"'. However, straw 
and biological yields increased with increasing P rates up to 30 kg ha"' only. Seed 
treatment with Rhizobium, PSB and Rhizobium + PSB significantly increased the 
seed and straw yields along with the corresponding increase in number of pods per 
plant, number of seeds per pod, length of pod, and test weight compared to the 
control (no inoculation). 
Jat and Shaktawat (2003) studied the effect of residual phosphorus, sulphur 
and biofertilizers, viz. Rhizobium and phosphate solubilizing bacteria (PSB) on 
productivity, economics and nutrient content of pearl millet {Pennisetum glaucum) 
in the cropping sequence of fenugreek (Trigonella foenum-graecum) - pearl millet 
(Pennisetum glaucum). They observed that application of phosphorus (35 kg ha"') 
in fenugreek increased the grain and stover yield of the succeeding pearl millet by 
33.3 and 39.0%, seed-N and -P content of pearl millet by 7.1 and 59.1%, and 
stover biomass by 29.2 and 20.0% as compared to the control. On the other hand, 
seed-inoculation of with Rhizobium + PSB increased the seed yield of fenugreek 
by 3.4% and the stover yield of the succeeding pearl millet by 3.9% over no seed 
inoculation (control). 
Jat and Ahlawat (2006) studied the effect of vermicompost, biofertilizers 
and phosphorus on soil nutrient dynamics and productivity of 'chickpea-fodder 
maize' sequence. They observed that application of vermicompost at 3 t ha' 
improved the dry matter accumulation, seed yield and seed protein content in 
chickpea, dry fodder yield of succeeding maize crop, total N and P uptake by the 
cropping system, available soil N and P and content, and bacterial count, over no 
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application of vermicompost. Seed-inoculation with Rhizobium and phosphate 
solubilizing bacteria significantly increased the dry matter accumulation, seed 
yield and protein content of chickpea, dry fodder yield of succeeding maize, and 
total N and P uptake by the cropping system over no inoculation as well as over 
the Rhizobium-'moc\x\di\ion alone. Application of phosphorus up to 26 kg P ha"' to 
chickpea also improved the dry matter accumulation, seed yield and protein 
content of chickpea, dry fodder yield of succeeding maize and total N and P uptake 
by the cropping system. 
Afzal and Bano (2008) studied the effects of rhizobial strain {Thai 8) and a 
P solubilizer strain (54 RB) in single and dual combination with and without P2O5 
on wheat. The results revealed that single and dual inoculation along with 
inorganic P fertilizer was 30-40% better than the application of only P fertilizer for 
improving grain yield of wheat. Dual inoculation without P fertilizer improved the 
grain yield up to 20% as compared to the P application alone. 
Krishnareddy and Ahlawat (2008) studied the growth and yield responses of 
cultivars of lentil {Lens esculenta Moench) to phosphorus, zinc and biofertilizers. 
They observed that application of 17.2 kg P ha'' as single superphosphate (SSP) 
along with 5 kg Zn ha'* as zinc sulphate or combined inoculation with Rhizobium 
and VAM fungi resulted in marked improvement in growth and yield attributes, 
seed yield and harvest index of the crop over the control (no inoculation). 
Dutta and Protit (2009) conducted a field experiment to study the effect of 
variable proportions of phosphorus (0, 13.1, 26.2 and 39.3 kg ha"') and 
biofertilizers [no seed inoculation, inoculation with phosphobacterin 
{Pseudomonas striata), and co-inoculation of Rhizobium with phosphobacterin] on 
the performance of chickpea cultivar "Mahamaya-2" in the laterite soil under rain-
fed conditions. They observed that application of P and biofertilizers influenced 
significantly the growth attributes, root-nodulation, leghemoglobin content, 
nitrogenase activity, yield components, seed and stover yield, harvest index, and P 
uptake of chickpea. The test-weight was not affected by this nutritional dressing. 
The highest seed yield (1085 kg ha"') was obtained with 39.3 kg P ha"', producing 
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40.7% more seed yield than the control (no P input). The seed yield attained due 
to the application of 39.3 and 26.2 kg P ha'' was not significantly different. Seed-
inoculation with Rhizobium and phosphobacterin was significantly superior over 
no inoculation or over the phosphobacterin-inoculation alone. Combined 
application of P at 26.2 kg ha'' and bio-fertilizers {Rhizobium and 
phosphobacterin) enhanced all the characters significantly compared to other 
levels of P applied along with biofertilizer. 
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MATERIALS AND METHODS 
A pot experiment was conducted during the winter season of 2008-2009 on 
chickpea {Cicer arietinum L.) under natural conditions of net-house at Ahgarh 
Muslim University, Aligarh. The aim of this experiment was to study the effect of 
N and P biofertilizers in respect with graded levels of inorganic P fertilizer on the 
agricultural performance of chickpea, recording growth, yield and quality 
attributes of the crop along with some physiological and biochemical parameters. 
The details of agro-climatic conditions, analysis of the experimental soil and the 
techniques and procedures employed in this regard are given below. 
2.1. Agro-climatic conditions 
Aligarh, an industrial area and a small University town of Western Utter 
Pradesh (North India), is located 130 km east to Delhi at 27° 52' N latitude, 78° 51' 
E longitudes and is 187.45 m above the sea level. It has semi arid and subtropical 
climate with hot and dry summers and cold winters. During summer, the average 
temperature recorded is 30.5°C. May and June are the hottest months during which 
the highest temperature (45.5°C) has been recorded. The winter extends from 
middle of October to the end of March. In general, the mean temperature of winter 
season is 19°C. The extreme minimum temperature recorded so far is 0.5°C. At the 
end of June, rainy season (Monsoon) starts. The average annual rainfall is about 
847.3 mm. More than 85 percent of total precipitation is delivered during rainy 
season (June to September). 
2.2. Soil characteristics and preparation of experimental pots 
Before starting the experiment, the samples of the experimental soil were 
analyzed in the Soil-Testing Laboratory, Government Agriculture Farm, Quarsi, 
Aligarh for physical and chemical properties. The experimental soil was sandy 
loam with pH (1:2) 8.0, E.C (1:2) 0.49 m mhos cm"', and available N, P and K 
95.5, 8.3 and 152.7 mg kg'' soil, respectively. Earthen pots of standard size (25 cm 
diameter x 25 cm height) were used for the experiment. Prior to sowing, each 
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experimental pot was filled with a homogeneous mixture of 5 kg field-soil. Before 
filling the pots with the soil, a uniform dose of nitrogen (20 kg N ha"') and 
different doses of phosphorus (0, 30, and 60 kg P ha"') were mixed with the soil as 
per the plan of the experiment. The soil was maintained at proper moisture to 
ensure proper germination of seeds. 
2.3. Seed treatment with biofertilizers 
Authentic seeds of chickpea were received from the Government Agency at 
Aligah. Healthy and viable cultures of biofertilizers, viz. nitrogen fixing bacteria 
{Rhizobium sps.) and phosphorus solubilizing bacteria (PSB) compatible for 
chickpea {Rhizobium leguminosarum and Pseudomonas striata, respectively) were 
obtained fi-om the Culture Laboratory, Government Agriculture Farm, Quarsi, 
Aligarh. The biofertilizer inoculants were prepared according to Subba Rao 
(1972). Two hundred grams of colorless Gum Arabic (coating material) and 50 g 
of sugar were dissolved in 500 mL of warm water to be used as adhesive material. 
After cooling the adhesive material, three types of inoculi were prepared, viz. (i) 
Rhizobium inoculum, (ii) PSB inoculum, and (iii) Rhizobium + PSB inoculum as 
per the biofertilizer treatments employed. 100 g culture each of Rhizobium and 
PSB was mixed with the adhesive material separately to be used for individual 
biofertilizer treatments. For the combined N+P biofertilizer treatment, 100 g each 
of Rhizobium +PSB was mixed together with the adhesive material. Required 
amount of healthy and viable seeds were mixed vigorously with the respective 
inoculum until they were evenly coated by it. The inoculated seeds were spread in 
separate clean trays and dried in shade prior to sowing. 
2.4. Pot culture scheme 
A two-factor factorial pot-experiment was conducted according to 
randomized block design (RBD) during the winter (Rabi) season of 2008-2009 on 
chickpea {Cicer arietinum L.) in the net house at Aligarh Muslim University, 
Aligarh (27° 52' N latitude, 78° 51' E longitude, and 187.45 m altitude). The 
experiment was carried out with four treatments of biofertilizer, viz. no 
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biofertilizer (biofertilizer control), nitrogen biofertilizer (Rhizobium 
ieguminosarum), phosphorus biofertilizer [phosphorus solubilizing bacteria (PSB)] 
{Pseudomonas striata), and mixed biofertihzer {Rhizobium + PSB). The 
biofertilizer treatments were applied in respect with three levels of phosphorus, 
viz. 0, 30, and 60 kg P ha'' (Po, P30, and Peo, respectively). Phosphorus levels were 
applied as potassium dihydrogen orthophosphate (KH2PO4) at the time of sowing. 
Each treatment was replicated four times. The pots were uniformly supplied with 
an initial dose of nitrogen (20 kg N ha'' as urea) to support the healthy growth of 
seedlings until the occurrence of N-fixation by root-nodules. The seeds were sown 
at a depth of 3 cm in the soil. In each pot, 10 seeds were sown, but finally 5 
healthy plants were maintained per pot. The pots were watered regularly. Plants 
were grown under naturally illuminated environmental conditions of the net house. 
The plants were kept fi-ee from weeds. Standard agricultural practices were 
maintained throughout the crop life span. 
2.5. Sampling procedures 
Growth and other physiological and biochemical attributes were determined 
on the peak vegetative stage at 90 days after sowing (90 DAS). To measure growth 
attributes (plant height, number of branches and leaves per plant, fresh weight per 
plant and dry weight per plant), leaf N and P content, and nodule-leghemoglobin 
content, two randomly selected plants were uprooted carefully from each 
experimental pot. The uprooted plants were washed thoroughly with tap water to 
remove the adhering dust (from the shoot) and soil particles (from the root). The 
root nodules of the plants were again washed with distilled water and stored fresh 
in polythene bags for the estimation of leghemoglobin content. The clean plants 
(above ground shoots) were blot-dried and weighed for plant fresh weight. They 
were dried at 80°C for 24 h, and the dry weight of the plants were recorded. 
Thereafter, leaves of the dried plants were collected and ground finely using pestle 
and mortar for N and P determinations. 
Infra-red gas analyzer (IRGA) (LICOR 6200 Portable Photosynthesis 
System, Lincoln, Nebraska, USA) was used for measuring the net photosynthetic 
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rate (PN), internal CO2 concentration (Ci), stomatal conductance (gs), transpiration 
rate and water use efficiency. The measurements were made on cloudless days at 
1000-1100 h using fully expanded leaves of the plants. For this purpose, three 
plants were randomly selected in each pot and the data of the intact plants were 
recorded at the site of the experiment. Before recording the measurements, the 
IRGA was calibrated and zero was adjusted approximately every 30 minutes 
during the measurement period. Each leaf was enclosed in a gas exchange chamber 
for 60 seconds. All the attributes measured by IRGA were recorded three times for 
each treatment. 
For measuring the activity of nitrate reductase (NR) and carbonic anhydrase 
(CA), treatment-wise random sampling of leaves was done from the replicate-pots. 
The leaves were first washed with tap water and then with distilled water. They 
»vere surface dried with blotting paper and used for the measurements of enzyme 
activity. Seed yield, yield attribute (total biomass per plant, number of pods per 
plant, number of seeds per plant, number of seeds per pod, stover yield per plant, 
100 seed weight and harvest index) and quality parameters (seed protein and 
carbohydrate content) were studied at harvest using the three plants remaining in 
each pot. 
2.6. Chemical analysis 
2.6.1. Nitrate reductase activity 
The activity of nitrate reductase (E.G. 1.6.6.1) in the youngest fully 
developed leaves was estimated using the intact tissue essay method of Jaworski 
(1971). The leaves were chopped into small pieces. Two hundred mg of the 
chopped leaves were transferred to plastic vials. To each vial, 2.5 mL of phosphate 
buffer pH 7.5 (see Appendix) and 0.5 mL of potassium nitrate solution (see 
Appendix) were added, followed by addition of 2.5 mL of 5% isopropanol (see 
Appendix). These vials were incubated in BOD incubator for 2 h at 30 ± 2'^ C in the 
dark. 0.4 mL of incubated mixture was taken in a test tube, to which 0.3 mL each 
of sulphanilamide (see Appendix) and NED-HCl (see Appendix) solution were 
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added. The test tubes were kept at room temperature for 20 minutes for maximum 
color development. The mixture was diluted to 5 mL with double distilled water. 
The optical density of the samples was recorded at 540 nm using a 
spectrophotometer (Spectronic 20, D Milton Roy, USA). A blank was run 
simultaneously with each sample. Standard curve was plotted by using known 
concentrations of graded NaNOi (sodium nitrite) solution. The absorbance/optical 
density (O.D.) of each sample was compared with that of calibration curve to 
estimate the nitrate reductase activity that was expressed as nM NO2 g'^  FW h''. 
2.6.2. Carbonic anhydrase activity 
Carbonic anhydrase (E.C. 4.2.1.1) activity was estimated in the youngest 
fully expanded leaves using the method of Dwivedi and Randhava (1974). The 
fresh leaf samples were cut into small pieces at a temperature below 25°C. Two 
hundred mg of the leaf pieces were transferred to Petri plates. The leaf pieces were 
dipped in 10 mL of 0.2 M cystein hydrochloride solution (Appendix) and left for 
20 minutes at 4°C. the leaf pieces were blot-dried and transferred to a test tube 
containing 4 mL of phosphate buffer of pH 6.8 (Appendix). To it, 4 mL of 0.2 M 
sodium bicarbonate solution (Appendix) and 0.2 mL of 0.022% bromothymol blue 
(Appendix) was added. The test tubes were shaken gently and left for 20 minutes 
at 4*^ C. The CO2 liberated by the catalytic action of CA on NaHCOs was estimated 
by titrating the reaction mixture against 0.05 N HCl (Appendix) using methyl red 
(Appendix) as indicator. In each sample, the quantity of HCl used to neutralize 
reaction mixture was noted and the difference was calculated. A blank consisting 
of all the above components of reaction mixture, except the leaf sample, was run 
simultaneously with each set of the samples. The enzyme activity, expressed as 
|iM CO2 kg"' leaf FW s'', was computed using the following formula: 
CA activity [mol (CO2) kg' (leaf FW) s"'] = ^''^^''^ 
W 
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where, V is the difference in volume (mL of HCl used in control and test 
sample titration), 22 is the equivalent weight of CO2, N is the normality of HCl 
and W is the fresh mass of tissue in grams. 
2.6.3. Leaf digestion for N and P content 
Nitrogen and phosphorus contents in the leaves were estimated on dry 
weight basis. For estimation of these nutrients, the oven-dried leaf powder was 
digested according to the Kjeldahe technique. One hundred mg of the leaf powder 
was transferred to 50-mL digestion-tube, to which 2 mL sulphuric acid was added. 
The tube was kept in digestion assembly at SO'^ C for about two hours to allow 
complete reduction of nitrates present in the plant material. As a result, the content 
of the flask turned black. After cooling the flask for about 15 minutes, 0.5 mL of 
30% hydrogen peroxide (H2O2) was added drop by drop and the solution was 
heated again till the color of the solution turned from black to light yellow. Again, 
after cooling for about 30 minutes, 3-4 drops of 30% H2O2 were added, followed 
by heating for another 5 minutes. The addition of 30% H2O2 followed by heating 
was repeated until the content of the flask became colorless. The peroxide digested 
material was transferred from the digestion tube to a 100-mL volumetric flask with 
three washings using double distilled water (DDW). The volume of the volumetric 
flask was then made up to the mark with DDW. 
2.6.3.1. Estimation of nitrogen content 
The method of Linder (1944) was adopted for the estimation of leaf 
nitrogen. AlO mL aliquot of the digested material was taken in a 50-mL 
volumetric flask. To this, 2 mL of 2.5 N sodium hydroxide solution (see 
Appendix) and 1 mL of 10% sodium silicate solution (see Appendix) were added 
to neutralize the excess of acid and to prevent turbidity. The volume of the solution 
was made up to 50 mL using DDW. A 5 mL volume of this solution was taken in a 
test tube, to which 0.5 mL of Nessler's reagent (see Appendix) was added. The 
content of the test tube was allowed to stand for 5 minutes for maximum color 
development. The optical density of the solution was recorded at 525 nm using the 
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spectrophotometer. The reading of each sample was compared with a standard 
caUbration curve prepared by using graded dilutions of ammonium sulphate. The 
nitrogen content in leaves was expressed on dry weight basis as g kg'\ 
In sufficient DDW, 50 mg of pure ammonium sulphate was dissolved and 
the final volume was made up to 1 L with DDW. From this solution, 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 mL aliquots were pipetted out into ten test tubes 
separately. The solution in each test tube was diluted to 5 mL. Thereafter, 0.5 mL 
of Nessler's reagent was added. After 5 minutes, the optical density of the content 
was recorded at 525 nm using the spectrophotometer. Standard curve was plotted 
using graded dilutions of ammonium sulphate solution verses optical density. 
2.6.3.2. Estimation of pliosphorus content 
Phosphorus was estimated according to the method of Fiske and Subba Row 
(1925). In a 10 mL graduated test tube, 5 mL of the aliquot (leaf digest) was taken. 
To it, 1 mL molybdic acid (see Appendix) was added carefiiUy followed by the 
addition of 0.4 mL 1-amino 2-nephthol-4-sulphonic acid (see Appendix). When 
the color turned blue, the volume was made up to 10 mL using DDW. The solution 
was shaken for 5 minutes. The optical density of the solution was recorded at 620 
nm using the spectrophotometer. A blank was run for each set of determinations. 
Standard curve for estimation of phosphorus was prepared by using graded 
concentrations of potassium dihydrogen orthophosphate. 
In a sufficient amount of DDW, 0.351 g potassium dihydrogen orthophosphate 
was dissolved, to which 10 mL of 10 N sulphuric acid was added and the final 
volume was made up to 1 L with DDW. In separate test tubes, 0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 0.7, 0.8, 0.9, and l.O mL of the stock solution was taken. The solution in 
each test tube was diluted to 10 mL with DDW. In each tube, 1 mL molybdic acid 
(see Appendix) and 0.4 mL 1-amino 2-nephthol 4-sulphonic acid were added. 
After 5 minutes, the optical density was recorded at 620 nm using the 
spectrophotometer. Standard curve for estimating phosphorus in leaves was plotted 
using graded dilutions of potassium dihydrogen orthophosphate on X-axis and the 
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corresponding optical density of the solution on Y-axis. The phosphorus content 
was computed as g kg'' on dry weight basis. 
2.6.4. Estimation of leghemoglobin content 
The leghemoglobin content was estimated in fresh nodules following the 
method described by Sadasivam and Mannickam (1996). Two hundred mg of the 
fresh root-nodules were macerated in a mixer using 3 volumes of 0.1 M phosphate 
buffer (see Appendix), followed by filtration through two layers of cheese cloth. 
The nodule-debris was discarded. The turbid radish brown filtrate was centrifuged 
at 10,000g for 10-30 minutes to extract the leghemoglobin. To 3 mL of the extract, 
equal volume of alkaline pyridine reagent (see Appendix) was added. The content 
was mixed well. The solution turned greenish-yellow due to the formation of 
hemochrome compound. The solution carrying hemochrome was divided equally 
into two test tubes. To one test tube, a few crystals of potassium hexacyanoferrate 
were added to oxidize hemochrome and the OD of the content was recorded at 539 
nm using the spectrophotometer. (Spectronic 20, D Milton Roy, USA). To other 
test tube, a few crystals of sodium dithionate were added to reduce the 
hemochrome. After an interval of 2-5 minutes, the OD of the resultant solution 
was recorded at 556 nm against a reagent blank. The leghemoglobin content (m 
mole) was calculated by using the formula: 
A —A Leghemoglobin content (m mole) = —— ^— x 2D 
»vhere, "D" is initial dilution, A556 and A539 are absorbance values at 556 and 539 
nm, respectively. 
2.6.5. Estimation of protein content 
Total protein content in the seed was estimated following the method of 
Lowery et al. (1951). Seed powder was kept in an oven overnight at 80"C. After 
cooling, 50 mg of the seed powder was transferred to a mortar, to which 1 mL of 
distilled water was added. The powder was ground well and transferred to a 
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centrifuge tube with repeated washings. The volume of the content was made up to 
5 mL with distilled water. The extract was then centrifuged at 4,000 rpm for 5 
minutes. The supernatant was collected for estimation of soluble protein content. 
To the residue, 5 mL of 5% trichloroacetic acid (TCA) was added. The 
solution was allowed to stand at room temperature for 30 minutes with thorough 
shaking. It was then centrifuged at 4,000 rpm for 10 minutes. The supernatant was 
discarded. To the pallet, 5 mL of IN sodium hydroxide (see Appendix) solution 
was added and mixed well by shaking. The content was kept on water bath at 80 C 
for 30 minutes. After centrifuging the content at 4,000 rpm, the supernatant was 
collected in a 25-mL volumetric flask with three washings using IN sodium 
hydroxide solution. The volume was made up to the mark with IN sodium 
hydroxide solution. An aliquot of this extract was used for the estimation of 
insoluble protein content. 
In a 10 mL test tube, 5 mL of reagent C (see Appendix) was added to 1 mL of 
the extract. The content was mixed well and allowed to stand for 10 minutes at 
room temperature. Later, 0.5 mL of reagent E (see Appendix) was added rapidly 
with immediate mixing. After 30 minutes, the content of the test tube turned blue. 
It was transferred to a colorimetric tube and its OD was recorded at 660 nm using 
the spectrophotometer. A blank solution was run with each sample. The soluble 
protein content of the seed was estimated by comparing the optical density of each 
sample with a calibration curve plotted by using graded dilutions of the stock 
solution of egg albumin. To a 10 mL test tube, 1 mL of the sodium hydroxide-
extract was transferred followed by adding 5 mL of the reagent D (see Appendix). 
The solution was mixed and allowed to stand for 10 minutes at room temperature. 
Thereafter, 0.5 mL of the reagent E (see Appendix) was added rapidly with 
immediate mixing. After 30 minutes, the intensity of the blue colored solution was 
measured with the help of the spectrophotometer. 
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2.6.6. Estimation of carbohydrate content 
Total soluble and insoluble carbohydrates of the seed were extracted according 
to the method of Yih and Clark (1965) and subsequently estimated by the method 
of Dubois et al. (1956). The dry leaf samples were ground to fine powder and 
passed through a 72 mesh sieve. The powder was stored in polythene bags and was 
dried again overnight in an oven at 80°C before analysis. Fifty mg powder of each 
sample was transferred to a glass centrifuge tube. To this, 5 ml of alcohol was 
added and then heated on water bath at 60*^ C for 10 min. the sample was cooled 
and centrifuged at 4,000 rpm for 10 min. The supernatant was poured into 25 mL 
volumetric flask with three washings and the final volume was made up with 80% 
alcohol. The residue was preserved in the same tube for the estimation of insoluble 
carbohydrate. 1 mL of this extract was transferred to a test tube and evaporated to 
dryness on a water bath. The test tube was then cooled and 2 mL distilled water 
was added. The extract was used for estimation of soluble carbohydrates. 
To the residue, 5 mL of 1.5 N sulphuric acid (Appendix) was added and 
then the content was heated on water bath at lOO^ C for 2 h. After cooling, it was 
centrifiiged at 4,000 rpm. The supernatant (with extracted insoluble carbohydrates) 
was collected in a 25 mL volumetric fiask with three washings. The final volume 
was made up with distilled water. To 1 mL of this extract, 1 mL of distilled water 
was added in a test tube to estimate the insoluble carbohydrate. To each of the test 
tubes, containing the extract either of soluble carbohydrate or that of insoluble 
carbohydrate, 1 mL of 5% distilled phenol was added followed by the addition of 5 
mL concentrated sulphuric acid. Then the content was cooled by placing it in 
chilled water. After 30 minutes, optical density of yellowish orange color was 
measured at 490 nm using the spectrophotometer. A blank was run simultaneously. 
The carbohydrate content was calculated by comparing the optical density of the 
sample with a calibration curve plotted by taking graded dilutions of the stock 
solution prepared by using chemically pure glucose. 
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2.7. Statistical analysis 
Statistical analyses of the data were carried out according to randomized 
block design (RBD). All the parameters were subjected to analysis of variance 
(ANOVA), using two-factor factorial procedure. Fisher's least significant 
difference (LSD) was used to test for the significance of the differences between 
the phosphorus levels, biofertilizer treatments, and the interaction effects of 
phosphorus levels and biofertilizer treatments at a threshold P value of 0.05. The 
data were analyzed using aov (analysis of variance) function of 'R' statistical 
software (R Development Core Team, 2009) available on line 
(http://cranproject.org). 
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RESULTS 
3.1. Growth parameters 
3.1.1 Height per plant 
Phosphorus levels affected the plant height significantly (P<0.05). Of the, 
phosphorus levels, Peo, equaled by P30, gave the tallest plants; whereas, PQ 
(phosphorus control) resulted in the lowest plant height. Level Peo surpassed PQ by 
6.8%. The effect of biofertilizer treatments was not significant on plant height. 
However, interaction between phosphorus levels and biofertilizer treatments was 
significant. Interaction P30 x BNF+BPF, being at par with several other 
interactions, exhibited the greatest plant height. It surpassed the interaction with 
Ihe lowest effect (PQ X BFO) by 20.0% (Table 1). 
3.1.2 Number of branches per plant 
Phosphorus levels had positively significant (P<0.05) effect on number of 
branches per plant. Levels P30 and Peo exhibited the maximum number of branches, 
while the phosphorus control (PQ) gave the lowest value. The former outdid the 
latter one by 10,0%. Biofertilizer treatments did not affect the number of branches 
significantly. So was true for the interaction between phosphorus levels and 
biofertilizer treatments (Table 1). 
3.1.3 Number of leaves per plant 
Increasing phosphorus levels increased the number of leaves per plant 
significantly (P<0.05). Level P30 as well as Peo gave the highest number of leaves, 
surpassing the biofertilizer control (PQ) by 3.1%. Biofertilizer treatments also 
proved significantly effective for this growth attribute. Treatment BNF+BPF 
showed the greatest number of leaves per plant, exceeding the control (BFQ) by 
11.6%. Also, there was significant interaction between P levels and biofertilizer 
treatments. Interaction P30 x BNF+BPF gave the highest value that surpassed the 
interaction with the poorest value (PQ X BFQ) by 17.1% (Table 1). 
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Table 1. Effect of three phosphorus levels and four biofertilizer treatments on 
growth parameters of chickpea recorded at 90 DAS. 
Phosphorus levels 
Height per plant (cm) 
Po 
P30 
P60 
Mean 
Number of branches per 
plant 
Po 
P30 
A 60 
Mean 
Number of leaves per plant 
Po 
P30 
Peo 
Mean 
Fresh weight per plant (g) 
Po 
P30 
P60 
Mean 
Dry weight per plant (g) 
Po 
P30 
PfiO 
Mean 
LSD iP<0.05) 
Height per plant 
Number of branches per 
plant 
Number of leaves per plant 
Fresh weight per plant 
Dry weight per plant 
BFo 
23.00 
23.50 
25.00 
23.83 
4.0 
4.0 
4.0 
4.0 
52.1 
53.0 
53.0 
52.7 
2.30 
2.40 
2.60 
2.43 
0.679 
0.752 
0.849 
0.760 
Biofertilizer treatments 
BNF 
24.95 
26.40 
26.20 
25.85 
4.0 
4.5 
4.5 
4.3 
54.3 
55.0 
56.3 
55.2 
2.30 
2.35 
2.75 
2.47 
0.851 
0.855 
0.896 
0.867 
Phosphorus (P) 
0.829 
0.235 
0.753 
0.071 
0.014 
BPF 
25.50 
26.13 
27.40 
26.34 
4.0 
4.5 
4.5 
4.3 
54.3 
55.3 
56.7 
55.4 
2.65 
3.35 
3.43 
3.14 
0.901 
0.937 
0.939 
0.926 
Biofertilizer 
NS 
NS 
0.870 
0.082 
0.016 
BNF+BPF 
25.90 
27.60 
27.50 
27.00 
4.0 
4.5 
4.5 
4.3 
57.0 
61.0 
58.5 
58.8 
2.90 
3.35 
3.17 
3.14 
0.908 
0.937 
0.937 
0.927 
Mean 
24.84 
25.91 
26.52 
4.0 
4.4 
4.4 
54.4 
56.1 
56.1 
2.54 
2.86 
2.99 
0.835 
0.870 
0.905 
P X Biofertilizer 
1.657 
NS 
1.507 
0.142 
0.028 
Phosphorus levels: Po, no phosphorus application (phosphorus control); P30, 30 kg P ha"'; 
P6o,60kgPha'. 
Biofertilizer treatments: BFo, no biofertilizer application (biofertilizer control); BNF, biological 
nitrogen fertilizer (Rhizobium leguminosarum); BPF, biological phosphorus fertilizer 
{Pseiidomonas striata). 
NS, nonsignificant (/'<0.05). 
3.1.4 Fresh weight per plant 
There were significant (P<0.05) differences in fresh weight per plant with 
respect to phosphorus levels applied. Increasing phosphorus levels increased the 
plant fresh weight progressively. Phosphorus level Peo resulted in the highest plant 
fresh weight, while phosphorus control (PQ) gave the lowest value. The former 
surpassed the latter by 17.7%. Besides, biofertilizer treatments also affected the 
plant fresh weight significantly. The highest values were given by BPF and 
BNF+BPF biofertilizer treatments, while the biofertilizer confrol (BFo) gave the 
lowest value. Treatment BNF+BPF exceeded BFQ by 29.2%. Interaction between 
phosphorus levels and biofertilizer treatments was also significant for the fresh 
weight of plant. Interaction P6o ^ BPF, equaling with P30 x BPF and P30 x 
BNF+BPF, resulted in the highest plant fresh weight. On the other hand PQ X BFQ 
showed the poorest values. Interaction Peo ^ PSB improved the plant fresh weight 
by 49.1% compared to the interaction PQ X BFQ (Table 1). 
3.1.5 Dry weight per plant 
Increasing phosphorus levels enhanced the dry weight per plant significantly 
(P<0.05). Phosphorus level P60 result in the greatest plant dry biomass. It 
surpassed the phosphorus control (PQ) by 8.4%. Biofertilizer treatments also 
affected the plant dry weight significantly. Treatments BPF and BPF+BNF gave 
the maximum plant dry biomass, exceeding the biofertilizer control (BFQ) by 
22.0%. Interaction between phosphorus levels and biofertilizer treatments was 
significant in this regard. Interaction P60 x BPF, equaled by P30 x BPF and several 
other interactions, resulted in the highest plant dry weight that surpassed the 
interaction with the poorest effect (PQ X BFQ) by 38.3% (Table 1). 
3.2. Physiological parameters 
3.2.1 Net photosynthesis 
Phosphorus levels affected the net photosynthesis significantly (/*<0.05). 
Level P30 resulted in the highest photosynthetic rate, while the control (PQ) gave 
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the lowest value for this physiological attribute. Level P30 surpassed PQ by 12.4%. 
The effect of biofertilizer treatments was also significant for net photosynthesis. 
The combined effect of BNF and BPF, equaled by that of BPF alone, resulted in 
the maximum photosynthetic rate, while the biofertilizer control (BFQ) gave the 
lowest value. The former exceeded the latter by 22.4%. Interaction between 
phosphorus levels and biofertilizer treatments was also significant on net 
photosynthesis. Of the interactions, P30 x BPF and P30 x BNF+BPF showed the 
greatest photosynthetic rate. These interactions improved on the interaction with 
poorest effect (PQ X BFQ) by 39.9% (Table 2). 
3.2.2 Internal CO2 concentration 
Phosphorus levels significantly (P<0.05) affected the internal CO2 
concentration of the leaf tissue. Level ?(,Q, equaled with P30, resulted in the highest 
internal CO2 concentration, while the phosphorus control (PQ) gave the minimum 
value. Level P60 surpassed PQ by 4.1%. Effect of biofertilizer treatments and that of 
interaction between phosphorus levels and biofertilizer treatments was not 
significant in this regard (Table 2). 
3.2.3 Stomatal conductance 
Effect of phosphorus levels was significant (P<0.05) on stomatal conductance 
(Table 2). Level P60, being statistically at par with P30, resulted in the highest 
stomatal conductance; whereas, the phosphorus control (PQ) gave the lowest value 
for this physiological attribute. Level P60 surpassed PQ by 8.0%. Biofertilizer 
treatments also affected the stomatal conductance significantly. Combined 
application of BNF and BPF brought about the highest stomatal conductance, 
while the biofertilizer control (BFQ) was the poorest in effect. BNF+BPF surpassed 
BFo by 11.9%. The interaction effect of phosphorus levels and biofertilizer 
treatments was also significant for stomatal conductance. The highest value was 
given by the interaction P30 x BNF+BPF, which surpassed the interaction with the 
lowest effect (PQ X BNF) by 28.6%o. 
38 
Table 2. Effect of three phosphorus levels and four biofertilizer treatments on 
physiological parameters of chickpea recorded at 90 DAS. 
Phosphorus 
Levels 
Net photosynthesis 
(nmole CO2 m"^  s'^ ) 
Po 
P30 
Peo 
Mean 
Internal CO2 
concentration (ppm) 
Po 
P30 
Peo 
Mean 
Stomatal conductance 
(mol m'^  s'') 
Po 
P30 
Peo 
Mean 
Water use efficiency 
(H mol CO2 mol"' H2O) 
Po 
P30 
Peo 
Mean 
Transpiration rate 
(mol H2O m"^  s"') 
Po 
P30 
Peo 
Mean 
LSD {P<0.05) 
Net photosynthesis 
Internal CO2 Cone. 
Stomatal conductance 
Water use efficiency 
Transpiration rate 
BFo 
4.54 
4.89 
5.14 
4.86 
305 
320 
334 
320 
0.227 
0.237 
0.243 
0.236 
0.0422 
0.0550 
0.0520 
0.0497 
5.19 
5.23 
5.37 
5.26 
1 
Phosphorus 
0.239 
6.742 
0.005 
0.002 
0.060 
Biofertilizer treatments 
BNF 
5.10 
5.95 
5.58 
5.54 
314 
320 
325 
320 
0.220 
0.240 
0.258 
0.239 
0.0463 
0.0652 
0.0563 
0.0559 
6.54 
7.48 
7.52 
7.18 
(P) 
BPF 
5.67 
6.35 
5.82 
5.95 
315 
320 
325 
320 
0.253 
0.255 
0.262 
0.257 
0.0562 
0.0735 
0.0659 
0.0652 
7.05 
7.80 
7.37 
7.41 
Biofertilizer 
0.276 
NS 
0.006 
0.002 
0.069 
BNF+BPF 
5.60 
6.32 
5.93 
5.95 
320 
321 
322 
321 
0.249 
0.283 
0.260 
0.264 
0.0629 
0.0732 
0.0656 
0.0672 
7.15 
7.82 
7.83 
7.60 
Mean 
5.23 
5.88 
5.62 
313 
320 
326 
0.237 
0.254 
0.256 
0.0519 
0.0667 
0.0599 
6.48 
7.08 
7.02 
P X Biofertilizer 
0.479 
NS 
0.011 
0.003 
0.120 
Phosphorus levels: PQ, no phosphorus application (phosphorus control); P30, 30 kg P ha"'; 
P6o,60kgPha-'. 
Biofertilizer treatments: BFo, no biofertilizer application (biofertilizer control); BNF, biological 
nitrogen fertilizer (Rhizobium leguminosarum); BPF, biological phosphorus fertilizer 
{Pseudomonas striata). 
NS, nonsignificant (/'<0.05). 
3.2.4 Water use efficiency 
Phosphorus levels showed significant (P<0.05) effect on water use 
efficiency. Level P30 resulted in the highest water use efficiency, while phosphorus 
control (Po) exhibited the lowest value. Level P30 surpassed PQ by 28.5%. The 
effect of biofertilizer treatments on water use efficiency was also significant. The 
highest value for water use efficiency was attained when BNF and BPF were 
applied together, while the biofertilizer control (BFo) showed the lowest value in 
this connection. Treatment BNF+BPF excelled BFo by 35.2%. Moreover, there 
was a significant interaction between phosphorus levels and biofertilizer 
treatments. Interaction P30 x BPF, equaling with P30 x BNF+BPF, resulted in the 
highest water use efficiency, while PQ X BFQ gave the lowest value. Interaction P30 
X BPF surpassed PQ X BFQ by 74.2% (Table 2). 
3.2.5 Transpiration rate 
Phosphorus levels affected the transpiration rate significantly {P<0.05). 
Level P30, equaled with Peo, resulted in the highest transpiration rate; whereas, the 
phosphorus control (PQ) gave the lowest value. Level P^ o surpassed the PQ by 9.2%. 
The effect of biofertilizer treatments on transpiration rate was also significant. 
Treatment BNF+BPF appeared in the highest transpiration rate, while the 
biofertilizer control (BFQ) showed the lowest value for this physiological trait. The 
former (BNF+BPF) exceeded the latter (BFQ) by 44.5%. Phosphorus x biofertilizer 
interaction also had a significant effect on transpiration rate. Interaction Peo x 
BNF+BPF equaled with P30 x BNF+BPF and P30 x BPF, gave the highest value, 
while Po X BFo gave the lowest value for transpiration rate. P^ o x BNF+BPF 
surpassed Po x BFQ by 50.9% (Table 2). 
3.3. Biochemical parameters 
3.3.1 Nitrate reductase activity 
Nitrate reductase activity (NRA) in the leaves was significantly (P<0.05) 
affected by phosphorus levels. Level Pgo, equaling with P30, resulted in highest 
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value of leaf NRA, while the phosphorus control (PQ) gave the lowest value. Level 
Peo exceeded PQ by 11.7%. Biofertilizer treatments also affected the leaf NRA 
significantly. Treatment BNF+BPF, being at par with BPF and BNF, showed the 
highest value for NRA. Combined application of nitrogen and phosphorus 
biofertilizers (BNF+BPF) showed 16.4% increase in NRA over no biofertilizer 
application (BFQ). Phosphorus x biofertilizer interaction also had significant effect 
on leaf NRA. Interaction Peo x BNF equaled by P30 x BNF+BPF, Pgo x BNF+BPF 
and P30 X BPF, gave the highest value; whereas, PQ X BFQ showed the lowest NRA. 
Interaction effect of Pgo x BNF exceeded that of PQ X BFQ by 25.1% (Table 3). 
3.3.2 Carbonic anhydrase activity 
There were significant (P<0.05) differences in carbonic anhydrase (CA) 
activity in leaves with respect to phosphorus levels applied (Table 3). Levels P60 
and P30 resulted in the greatest CA activity. Level P60, equaled by P30, gave the 
highest CA activity, while the phosphorus control (PQ) resulted in the lowest 
activity of the enzyme. The former surpassed the latter by 3.4%. The effect of 
biofertilizer treatments on leaf CA was also significant. Treatment BPF, equaled 
by BNF+BPF and BNF, registered the highest CA activity, while the biofertilizer 
control (BFo) gave the lowest value. Treatment BPF exceeded BFQ by 2.7%. 
Interaction effect of phosphorus levels and biofertilizer treatments was also 
significant on CA activity. Interaction ?60 x BPF gave the greatest value that 
surpassed the lowest value by 5.0% given by PQ X BFQ (Table 3). 
3.3.3 Nitrogen content 
Phosphorus levels affected the leaf-N content significantly (P<0.05). Level 
Pfio resulted in the highest leaf nitrogen content, while the phosphorus control (PQ) 
gave the lowest value (Table 4). The former surpassed the latter by 11.4%. The 
effect of biofertilizer treatments was also significant on leaf-N content. The highest 
leaf-N content was obtained due to the combined application BNF and BPF, while 
the biofertilizer control (BFQ) resulted in the lowest value. Treatment BNF+BPF 
exceeded BFQ by 11.2%. Phosphorus and biofertilizer interaction also affected the 
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Table 3. Effect of three phosphorus levels and four biofertilizer treatments on 
biochemical parameters of chickpea recorded at 90 DAS. 
Phosphorus levels 
Nitrate reductase activity 
(nmolNOig'MeafFWh-') 
Po 
P30 
Peo 
Mean 
Carbonic anhydrase activity 
(molCOjKg-'leafFWs-') 
Po 
P30 
Peo 
Mean 
Nitrogen content (g kg'') 
Po 
P30 
Peo 
Mean 
Phosphorus content (gkg ' ) 
Po 
P30 
Pao 
Mean 
Legheamoglobin content (m 
mole) 
Po 
P30 
Peo 
Mean 
LSD (P<0.05) 
Nitrate reductase activity 
Carbonic anhydrase activity 
Nitrogen content 
Phosphorus content 
Legheamoglobin content 
BFo 
231 
237 
246 
238 
1.100 
L102 
1.117 
1.106 
37.81 
43.12 
44.53 
41.82 
1.80 
2.00 
2.00 
1.93 
0.206 
0.212 
0.223 
0.214 
Biofertilizer treatments 
BNF 
252 
278 
289 
273 
1.100 
1.142 
1.152 
1.131 
40.04 
43.32 
46.16 
43.17 
1.80 
2.07 
2.22 
2.03 
0.236 
0.300 
0.323 
0.286 
Phosphorus (P) 
6.913 
0.027 
0.932 
0.080 
0.009 
BPF 
250 
287 
283 
273 
1.110 
1.142 
1.155 
1.136 
43.31 
47.52 
46.55 
45.79 
1.82 
2.10 
2.25 
2.06 
0.238 
0.330 
0.337 
0.302 
Biofertilizer 
7.983 
0.031 
1.076 
NS 
0.011 
BNF+BPF 
257 
287 
286 
277 
1.110 
1.146 
1.150 
1.135 
45.06 
47.50 
47.00 
46.52 
1.82 
2.10 
2.29 
2.07 
0.324 
0.329 
0.331 
0.328 
Mean 
247 
272 
276 
1.105 
1.133 
1.143 
41.55 
45.36 
46.31 
1.81 
2.07 
2.19 
0.251 
0.293 
0.303 
P X Biofertilizer 
13.826 
0.053 
1.864 
0.161 
0.018 
Phosphorus levels: Po, no phosphorus application (phosphorus control); P30, 30 kg P ha' 
P6o,60kgPha''. 
Biofertilizer treatments: BFo, no biofertilizer application (biofertilizer control); BNF, biological 
nitrogen fertilizer {Rhizobium leguminosarum); BPF, biological phosphorus fertilizer 
{Pseudomonas striata). 
NS, nonsignificant (P<0.05). 
leaf-N content significantly. Interaction P30 x BPF, equaled by P30 x BNF+BPF, 
proved the best, while PQ X BFQ gave the lowest value. Interaction P30 x BPF 
surpassed the interaction with the lowest value (PQ X BFQ) by 25.7% (Table 3). 
3.3.4 Phosphorus content 
The leaf phosphorus content was significantly (P<0.05) affected by the 
phosphorus levels applied. The highest content of leaf phosphorus was exhibited 
by the level ?eo, while the phosphorus control (PQ) offered the lowest value. The 
former P level surpassed the latter by 21.0%. The effect of biofertilizer treatments 
was not significant for the content of phosphorus in leaves. However, the 
interaction effect regarding phosphorus levels and biofertilizer treatments was 
significant. Interaction P60 ^ BNF+BPF resulted in the highest leaf-P content, 
while PQ X BFQ gave the lowest value. The effect of Peo x BNF+BPF surpassed that 
of Po X BFo (poorest interaction) by 27.2% (Table 3). 
3.3.5 Legheamoglobin content 
Phosphorus levels exerted a positively significant (F<0.05) effect on the 
content of leghemoglobin in the root-nodules (Table 3). The highest 
leghemoglobin content was exhibited by P60 treatment, while the phosphorus 
control (Po) gave the lowest value. The former surpassed the latter by 20.7%. 
Biofertilizer treatments also proved significantly effective for this biochemical 
parameter. Treatment BNF+BPF resulted in the maximum content of 
leghemoglobin in root-nodules, exceeding the biofertilizer control (BFQ) by 53.3%. 
Interaction between phosphorus levels and biofertilizer treatments was also 
significant for leghemoglobin content of root-nodules. Interaction Peo x BPF 
resulted in the highest leghemoglobin content, while PQ X BFQ gave the lowest 
value. Interaction Peo x BPF resulted in the highest leghemoglobin content, 
surpassing the poorest value by 63.6% given by PQ X BFQ (Table 3). 
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3.4. Yield attributes 
3.4.1 Seed yield per plant 
Increasing phosphorus levels increased the per plant seed yield significantly 
(P<0.05). Level P6o resulted in the highest seed yield, while PQ (phosphorus 
control) exhibited the lowest value. The former surpassed the latter by 16.2%. 
Biofertilizer treatments also affected the seed yield significantly. BNF+BPF as 
well as BPF gave the highest seed yield. Treatment BNF+BPF exceeded the 
biofertilizer control (BFQ) by 32.3%. Interaction due to phosphorus levels and 
biofertilizer treatments also affected the seed yield positively. Interactions P30 ^  
BNF+BPF equaled by Pgo x BNF+BPF and P30 x BPF gave the highest value for 
seed yield. P30 x BNF+BPF surpassed the interaction with the poorest effect (PQ X 
BFo) by 50.0% (Table 4). 
3.4.2 Stover yield per plant 
Phosphorus levels had a significant effect (P<0.05) on stover yield. P30 
lesulted in the highest stover yield per plant, surpassing the phosphorus control 
(Po) by 8.1%. Biofertilizer treatments also had a positively significant effect on this 
yield attribute. Values regarding stover yield increased progressively with the 
biofertilizer treatments. Combined application of the two biofertilizers 
(BNF+BPF) showed the highest stover yield exceeding the biofertilizer control 
(BFo) by 12.2%. Besides, there was a significant interaction between phosphorus 
levels and biofertilizer treatments. Interaction P30 x BNF+BPF, equaling with Peo x 
BNF+BPF and P30 x BPF, gave the highest stover yield per plant. It surpassed BFQ 
X Po(the interaction with the lowest effect) by 12.1% (Table 4), 
3.4.3 Crop biomass per plant 
Phosphorus levels had positively significant (/*<0.05) effect on crop 
biomass per plant. P30 equaled by ?60, resulted in highest crop biomass. P30 
surpassed the phosphorus control (PQ) by 7.4%. Biofertilizer treatments also 
affected the crop biomass significantly. Treatment BNF+BPF gave the highest 
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Table 4. Effect of three phosphorus levels and four biofertilizer treatments on seed 
yield and yield parameters of chickpea recorded at harvest. 
Phosphorus levels 
Seed yield per plant (g) 
Po 
Pio 
P60 
Mean 
Stover yield per plant (g) 
Po 
P30 
P60 
Mean 
Crop biomass per plant (g) 
Po 
P50 
P60 
Mean 
Harvest index (%) 
Po 
P30 
P60 
Mean 
100 seed weight (g) 
Po 
P» 
P60 
Mean 
Number of pods per plant 
Po 
P30 
Pso 
Mean 
Number of seeds per plant 
Po 
P30 
P60 
Mean 
Number of seeds per pod 
Po 
P™ 
P60 
Mean 
LSD (P<0.OS) 
Seed yield per plant 
Stover yield per plant 
Crop Biomass per plant 
Harvest index 
100 seed weight 
Number of pods per plant 
Number of seeds per plant 
Number of seeds per pod 
BFo 
0.88 
0.90 
1.09 
0.96 
1.24 
1.23 
1.08 
1.18 
2.12 
2.13 
2.27 
2.17 
41.51 
42.25 
48.02 
43.93 
11.04 
12.32 
12.20 
11.85 
6.00 
6.50 
7.50 
6,67 
6.75 
7.00 
8.00 
7.25 
0.80 
0.93 
0.94 
0.89 
Phosphorus (P) 
0.046 
0.027 
0.080 
0.717 
0.288 
0.262 
0.233 
0.046 
Biofertilizer treatments 
BNF 
0.99 
1.03 
1.23 
1.08 
1.27 
1.33 
1.16 
1.25 
2.26 
2.36 
2.39 
2.34 
43.80 
43.64 
51.46 
46.30 
11.05 
12.71 
13.15 
12.30 
6.00 
7.50 
7.50 
7.00 
7.50 
8.00 
8.00 
7.83 
0.80 
0.94 
0.94 
0.89 
Biofertilizer 
0.053 
0.031 
0.093 
0.828 
0.333 
0.303 
0.269 
NS 
BPF 
1.12 
1.29 
1.25 
1.22 
1.19 
1.36 
1.25 
1.27 
2.31 
2.65 
2.50 
2.49 
48.48 
48.68 
50.00 
49.05 
11.37 
12.86 
12.82 
12.35 
6.50 
8.50 
8.00 
7.70 
8.00 
8.00 
8.50 
8.17 
0.81 
1.00 
0.94 
0.92 
P X Biofertilizer 
0.093 
0.053 
0.161 
1.434 
0.577 
0.525 
0.467 
0.093 
BNF+BPF 
1.20 
1.32 
1.30 
1.27 
1.23 
1.39 
1.36 
1.33 
2.47 
2.71 
2.66 
2.61 
48.58 
48.71 
48.87 
48.72 
13.10 
14.20 
13.05 
13.45 
7.00 
8.50 
8.00 
7.83 
8.50 
8.50 
9.00 
8.67 
0.82 
0.94 
0.94 
0.90 
Mean 
1.05 
1.13 
1.22 
1.23 
1.33 
1.21 
2.29 
2.46 
2.45 
45.59 
45.82 
49.59 
11.64 
13.02 
12.80 
6.37 
7.75 
7.75 
7.69 
7.87 
8.37 
0.83 
0.95 
0.94 
Phosphorus levels: Po, no phosphorus application (phosphorus control); P30, 30 kg P ha"'; Peo, 60 kg P ha"'. 
Biofertilizer treatments: BFQ, no biofertilizer application (biofertilizer control); BNF, biological nitrogen 
fertilizer {Rhizobium leguminosarum); BPF, biological phosphorus fertilizer {Pseudomonas striata). 
NS, nonsignificant {PO.05). 
value that outperformed the biofertilizer control (BFQ) by 20.3%. Interaction 
between phosphorus levels and biofertilizer treatments also affected the crop 
biomass significantly. P30 x BNF+BPF was the paramount interaction, which 
surpassed the interaction with the lowest effect (PQ X BFQ) by 27.8% (Table 4). 
3.4.4 Harvest index 
There were significant (P<0.05) differences in harvest index with respect to 
phosphorus levels applied. Increasing phosphorus levels increased the harvest 
index progressively. Treatment ?eo resulted in the highest harvest index, while PQ 
(phosphorus control) exhibited the lowest value. The former surpassed the latter by 
8.8%. Effect of biofertilizer treatments was also significant for harvest index. 
Treatment BPF showed the highest value, exceeding the biofertilizer control (BFQ) 
by 11.7%. Phosphorus and biofertilizer interaction was also significant for harvest 
index. Interaction P60 ^ BNF, equaled by P^ o ^ BPF, resulted in the highest value. 
Peo X BNF surpassed the interaction resulting in the lowest value (PQ X BFQ) by 
24.0% (Table 4). 
3.4.5 100 seed weight 
Phosphorus levels affected the 100 seed weight significantly (P<0.05). P30 
resulted in the heaviest seeds. It surpassed the phosphorus control (PQ) by 11.8%. 
Biofertilizer treatments also affected the seed weight significantly. Combined 
application of BNF and BPF gave the highest seed weight, exceeding the 
biofertilizer control (BFQ) by 13.5%. The effect of interaction between phosphorus 
levels and biofertilizers was also significant on this yield attribute. P30 x 
BNF+BPF was the paramount interaction that surpassed the poorest interaction (PQ 
X BFo) by 28.6% (Table 4). 
3.4.6 Number of pods per plant 
Phosphorus levels had positively significant (P<0.05) effect on number of 
pods per plant. Levels P30 and P60 proved equally good, exhibiting the highest pod 
number, while PQ (the phosphorus control) gave the lowest value. Both P30 and ?eo 
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surpassed the phosphorus control (PQ) by 21.7%, Biofertilizer treatments also 
proved significantly effective for this yield attribute. Combined application of 
BNF and BPF resulted in the greatest number of pods, exceeding the biofertilizer 
control (BFo) by 17.4%. Interaction between phosphorus levels and biofertilizer 
treatments was also significant in this regard. Interaction P30 x BPF equaled by P30 
X BNF+BPF, resulted in the highest pod number that surpassed the interaction 
with the poorest effect (Po x BFo) by 41.7% (Table 4). 
3.4.7 Number of seeds per plant 
Increasing phosphorus levels affected the number of seeds per plant 
significantly (P<0.05). Level P60, equaled by P30, resulted in the highest number of 
seeds, while PQ (phosphorus control) gave the lowest value. P60 improved on PQ 
(phosphorus control) by 8.8%. Biofertilizer treatments also affected the seed 
number significantly. The ultimate biofertilizer treatment (BNF+BPF) resulted in 
the highest number of seeds per plant that outdid the biofertilizer control (BFQ) by 
19.6%. Phosphorus and biofertilizer interaction was also significant for number of 
seeds per plant. Interaction V^o ^ BNF+BPF showed the highest value for this yield 
attribute, exceeding the poorest interaction (PQ X BFQ) by 33.3% (Table 4). 
3.4.8 Number of seeds per pod 
Phosphorus levels had positively significant {P<0.05) effect on number of 
seeds per pod. Level P30 equaled by Peo, gave the highest number of seeds per pod. 
The lowest value was given by PQ (phosphorus control). Level Peo exceeded the 
phosphorus control (PQ) by 14.4%. Biofertilizer treatments did not affect the seed 
number significantly. However, the interaction between phosphorus levels and 
biofertilizer treatments was significant. P30 x BPF was the best interaction that 
surpassed the interaction with the poorest value (PQ X BFO) by 25.0% (Table 4). 
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3.5. Quality parameters 
3.5.1 Seed protein content 
There was significant (P<0.05) effect of phosphorus levels on seed protein 
content. Level P30, being at par with P60, resulted in the highest protein content of 
seed. It surpassed the phosphorus control (PQ) by 9.4%. Biofertilizer treatments 
also affected the seed protein content significantly. Treatment BNF+BPF gave the 
greatest content of the seed-protein, exceeding the biofertilizer control (BFo) by 
9.3%. Interaction between phosphorus levels and biofertilizer treatments also 
affected the seed protein content significantly. P30 x BNF+BPF was the best 
interaction that surpassed the interaction with most unfavorable effect (PQ ^ BFo) 
by 22.4% (Table 5). 
3.5.2 Seed carbohydrate content 
Phosphorus levels affected the seed carbohydrate content significantly 
(P<0.05). Level P30 resulted in the highest seed carbohydrate content, while PQ 
(phosphorus control) gave the lowest value. Level P30 surpassed the phosphorus 
control (Po) by 8.0%. The effect of biofertilizer treatments was also significant for 
seed carbohydrate content. Treatment BPF equaled by BNF+BPF resulted in the 
highest content of the seed carbohydrate, while BFo (biofertilizer control) showed 
the lowest value. Treatment BPF surpassed BFo by 7.9%. Interaction between 
phosphorus levels and biofertilizer treatments was also significant. The interaction 
with the paramount seed carbohydrate content was P30 x BPF that surpassed PQ X 
BFo (poorest interaction) by 14.2% (Table 5). 
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Table 5. Effect of three phosphorus levels and four biofertilizer treatments on 
quality parameters of chickpea recorded at harvest. 
Phosphorus levels 
Seed protein content (%) 
Po 
P30 
P60 
Mean 
Seed carbohydrate content 
(%) 
Po 
P30 
Peo 
Mean 
LSD (P<0.05) 
Seed protein content 
Seed carbohydrate content 
BFo 
20.29 
21.51 
21.95 
21.25 
41.87 
43.90 
42.05 
42.61 
Biofertilizer treatments 
BNF 
20.66 
22.50 
22.30 
21.82 
42.44 
46.35 
44.37 
44.39 
Phosphorus (P) 
0.519 
0.650 
BPF 
21.60 
23.08 
23.21 
22.63 
43.75 
47.81 
46.32 
45.96 
Biofertilizer 
0.599 
0.750 
BNF+BPF 
21.48 
24.83 
23.34 
23.22 
43.90 
47.69 
46.10 
45.90 
Mean 
21.01 
22.98 
22.70 
42.99 
46.44 
44.71 
P X Biofertilizer 
1.038 
1.299 
Phosphorus levels: Po, no phosphorus application (phosphorus control); P30, 30 kg P ha"'; 
P6o,60kgPha"'. 
Biofertilizer treatments: BFQ, no biofertilizer application (biofertilizer control); BNF, biological 
nitrogen fertilizer (Rhizobium leguminosarum); BPF, biological phosphorus fertilizer 
{Pseudomonas striata). 
NS, nonsignificant (/'<0.05). 
r ^ 
Sa>. A 
DISCUSSION 
Phosphorus is one of the essential elements of the plant body and is known 
to play important role in many physiological processes in plants (Marschner, 
1995). Of the common crop plants, growth of root crops, development and 
maturity of cereals and competitive ability of legumes with forage crops are known 
to be dependent on phosphorus supply to the crops (Black, 1968), However, not 
only the use of phosphatic fertilizers is costly but also its supply legs behind its 
demand. Hence, apart from upgrading the per capita productivity of grain legumes, 
it is also highly desirable to explore the possibilities of achieving economy of 
phosphatic fertilizers, without sacrificing the yields, through new and innovative 
techniques including selection of the most suitable source of phosphorus for each 
agro-climatic zone. In order to reduce the use of chemical fertilizers, biofertilizers 
could play a crucial role by fixing the atmospheric nitrogen for the crops and/or by 
increasing the availability of soil nutrients to the crops. Thus, the biofertilizers 
could help sustain the crop production in the country in a cost-effective manner. In 
fact, supply of biofertilizers to the crops, particularly those of nitrogen and 
phosphorus, could play an important role in this regard. In view of generating the 
agricultural database in this connection, the present experiment was conducted on 
chickpea with N and P biofertilizers in a soil poor in N as well as P. Different 
levels of phosphorus were employed in combination with N and P biofertilizers to 
assess the agricultural performance of the crop in terms of growth parameters, 
physiological and biochemical parameters, seed yield and yield contributing 
attributes and quality parameters of the crop (Tables 1-5). The performance of the 
crop in respect with these parameters is discussed below: 
4.1. Growth parameters 
Growth of plant organs results from orderly cell division, cell expansion 
and cell differentiation. These processes, among other factors, depend on proper 
supply of mineral nutrients and growth substances as well as on the genetic 
makeup of the plants (Marschner, 1995; Moorby and Besford, 1983). A suitable 
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combination of these factors brings about healthy growth and development of 
plants which, in turn, ensures good crop yield and quality. In the present 
investigation, increasing levels of phosphorus from PQ (phosphorus control) to P6o 
enhanced all the growth attributes progressively (Table 1). However, in most 
cases, P30 and Pgo gave statistically equal values, with both of the P levels proving 
significantly superior to PQ level (phosphorus control). In this connection, the 
present results resemble with those obtained in case of chickpea by Yahiya and 
SamiuUah (1995), Khanda et al. (2001), Bahadur et al. (2002), Pathak et al. 
(2003a) and Walley et al. (2005). Similar abeneficial effect of P application has 
also been reported in other legumes (Kasheed and Sabale, 2003; Kumar and Singh, 
2009). 
Similar to the phosphorus levels, the N and P biofertilizer treatments also 
showed significantly positive effect on plant growth attributes (number of leaves 
per plant, fresh weight per plant and dry weight per plant). The maximal values of 
the growth attributes were generally shown by BNF+BPF compared to the 
biofertilizer control (BFQ). The positive effect of the dual inoculation (N+P 
biofertilizers) and that of N or P biofertilizer applied alone (single inoculation) on 
growth attributes of chickpea (Gull et al., 2004; Alagawadi et al., 1988) and 
various other crops (Sharma, 2001; Mayz et al,, 2003; Choudhri et al., 2005; 
Tiwari and Kulmi, 2005; Zaidi and Khan, 2006) confirm the present findings in 
this regard. 
Interaction between inorganic P fertilizer and biofertilizer was significant 
for most of the growth parameters. In general, P30 along with N+P biofertilizers 
(P30 X BPF+BNF) showed the best results. The similar results were obtained for 
number of leaves per plant. However for fresh and dry weight per plant, the 
maximum values were attained with P^Q X BPF, which was statistically at par with 
P30 X BPF and/or P30 x BPF+BNF. In this regard, the present resuUs are in 
conformity with those published by Saraf et al. (1997) and Dutta and Protit (2009) 
in case of chickpea. 
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4.2. Physiological and biochemical parameters 
Among the physiological parameters, net photosynthesis and water use 
efficiency reached the highest extent with P30; while both Peo and P30, giving the 
highest values, were at par in case of internal CO2 concentration, stomatal 
conductance and transpiration rate (Table 2). Thus, P30 proved to be the optimum 
inorganic P level that exhibited the greatest values of all the physiological 
parameter. These results confirm the findings of other researchers, who observed a 
positive effect of phosphorus application on some or all of these physiological 
parameters regarding groundnut (Hossaini and Hamid, 2007), tea (Salehi and 
Hajiboland, 2008), clusterbean (Burman et al., 2009) and rapeseed. Improved 
photosynthesis as a result of phosphorus application in the present study might be 
due to the positive effect of phosphorus on regeneration of ribulose-1,5-
bisphosphate (Rao and Terry, 1989; Fredeen et al., 1990), synthesis of ribulose-
1,5-bisphosphate carboxylase and adenosine triphosphate (Dietz and Foyer, 1986) 
and assimilation of carbon dioxide (Longstreth and Nobel, 1980). Moreover, 
increased rate of photosynthesis as a result of phosphorus application could be due 
to the prompt and adequate supply of carbon dioxide to the mesophyll cells of the 
leaves that is evident by the phosphorus-improved internal CO2 concentration and 
stomatal conductance (Table 2). A higher transpiration rate and water use 
efficiency noted in phosphorus treated plants compared to the control (PQ) could 
also be due to the enhanced stomatal conductance (Johnson et al., 1987; 
McMurtrie, 1993) that was significantly improved in the phosphorus treated plants 
in the present study (Table 2). Of the biofertilizer treatments, BNF+BPF proved 
most beneficial for most of the physiological parameter. Not many references are 
available on the effect of biofertilizers on photosynthesis and the related 
parameters. However, enhancement in photosynthetic efficiency of green gram due 
to N biofertilizer, as noted by Sharma (2001), could be considered in line with the 
present results in this regard. As for interaction between P levels and biofertilizer 
treatments, most of the physiological parameters were improved to the greatest 
extent with P30 x BPF and/or P30 x BNF+BPF that could accordingly be reflected 
in the improved seed yield and its components (Tables 2 and 4). 
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Of the biochemical parameters, NR activity, CA activity, N-content, P-content, 
and leghemoglobin content attained the highest values with P6o, while seed protein 
and carbohydrate contents had maximum values at P30. Significant increase in N 
and P content in the leaves due to P application in the present study indicates the 
positive effect of P application on P-content, as expected, but also reveals the 
beneficial effect of P application on N-content. The latter could be due to overall 
improvement of plant growth as a resuh of P application (Table 1). These resuUs 
are in conformity with those reporting significant increase in N and/or P content or 
their uptake in the leaves or straw due to P application in chickpea by Pathak et al. 
(2003b), Yahiya et al. (1995) and Walley et al. (2005). Similar findings have been 
reported by other researchers in rice-bean (Khanda et al., 2001), soybean (Tiwari 
et al, 2005) and pigeonpea (Kumar and Kushwaha, 2006). Application of N and P 
biofertilizers did not influence the P-content in leaves, while the effect of 
application of N and P biofertilizers and that of their combination was significant 
on N-content. A positive effect of N biofertilizer on N-content and/or N-uptake has 
earlier been reported on groundnut (Elsheikh and Mohamedzein, 1998), mungbean 
(Singh and Tarafdar, 2001) and cowpea (Mayz et al., 2003). A similar positive 
effect of P biofertilizer on N content, like that found in the present study, has also 
been found on rice-wheat cropping system (Sharma, 2003), wheat (Diwivedi et al., 
2003) and tomato (Choudhry et al., 2005). In the present study, not only the 
positive effect of combined application of N and P biofertilizers on N-content was 
observed, but also there was found a positive effect of interaction of phosphorus 
and N and P biofertilizers both on N- and P-content (Table 3). This indicates the 
synergistic effect of phosphorus and N and P biofertilizers on N- and P-content 
that accordingly resulted in the overall improvement in growth and yield attributes 
of the crop (Tables I and 4). In this context, a synergistic effect of combined 
application of N and P biofertilizers on N and P uptake of chickpea has been 
reported by Jat and Ahlawat (2006). 
There was a significant effect of inorganic P and N and P biofertilizer 
application on nodule-leghemoglobin content in the present study (Table 3). As 
the interaction P30 x BPF resulted in the highest values both for root nodule 
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leghemoglobin content and leaf P-content, the increase of nodule-leghemoglobin 
content in the root nodules might be due to the improved availability of 
phosphorus to the P30 x BPF treated plants. Like that in the present study, there 
was observed a positive effect on nodule leghemoglobin content due to inorganic P 
application in Lablab purpureus by Santhaguru and Hariram (1998). Besides, there 
was observed beneficial effect of inorganic P and N and P biofertilizers in 
chickpea by Dutta and Protit, 2009. 
The present study also reveals a positive effect of inorganic P fertilizer and that 
of N and P biofertilizers on nitrate reductase (NR) activity over the respective 
control (Table 3). The NR activity in plants is influenced by different growth 
conditions including not only the environmental factors such as light and 
temperature, but also the application of mineral fertilizers, particularly phosphorus 
(Oaks, 1985). It is also supported by the significant increase in leaf-N content due 
to the application of both inorganic P and P biofertilizer in the present research 
(Table 3). This might have, in turn, increased the capability of the plants for nitrate 
assimilation as well. The presence of phosphorus in the nutrient solution has 
earlier been reported to induce higher nitrate assimilation in com (de Magalhaes et 
al., 1998) and beans (Gniazdowaska et al., 1999). These results are also in 
agreement with those of Naeem and Khan (2005) in the case of Cassia tor a. 
There was a significant positive effect of inorganic P fertilizer and that of N 
and P biofertilizers on carbonic anhydrase (CA) activity in the present 
investigation (Table 3). The CA activity is known to have its important role in 
photosynthesis, which is obvious by its presence in all photosynthesizing tissues 
(Taiz and Zeiger, 2006). It catalyzes the reversible hydration of CO2, thereby 
increasing its availability for RuBPCO (Badger and Price, 1994; Khan et al., 
2004). The enhancement in CA activity due to soil-applied phosphorus or that due 
to application of N and P biofertilizers could be as a result of adequate availability 
of N and P at the site of their metabolism, particularly leaves. The higher N and P 
contents in the treated plants with respect to the control is supported by the 
positive interaction effect of soil P application and biofertilizers on N and P 
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content in leaves (Table 3). A probable cause for the enhancement of CA activity 
due to application of inorganic P and P biofertilizers might be due to the positive 
influence of P availability to plants or the de novo synthesis of CA (Okabe et al., 
1980). 
4.3. Seed yield and yield parameters 
As far as the seed yield and yield contributing attributes are concerned, the 
trend was the same as that of growth parameters. In most of the cases, the seed 
yield as well as yield parameters increased with the increase in P level (Table 4). 
In this context, the present results corroborate the findings of Ayub et al. (1998) 
and Mitra et al. (2006) on green gram, Singh et al. (1997) and Bahadur et al. 
(2002) on chickpea, Sharma, et al. (2001) on mungbean, Khanda et al. (2001) on 
rice-bean {Vigna umbellata) cropping system, Kashid and Sabale (2003) in wheat-
pigeon cropping system, Kumar and Kushwaha (2006) on pigeon pea, and 
Yakadri and Murthy (2006) on black gram - foxtail millet cropping system. 
However, though the highest seed yield was attained exclusively at Peo, the 
greatest values of most of the yield contributing attributes were attained at Peo as 
well as at P30, both of the P levels being statistically at par. As for the effect of 
biofertilizer treatments, the highest seed yield was obtained due to BNF+BPF and 
BPF, while the greatest harvest index was shown by BPF alone. However, in case 
of most of the other yield components, BNF+BPF resulted in the highest values. 
In this context, the present results substantiate those findings which confirm the 
enhancement of seed yield and improvement in the yield components due to 
application of BNF (El-Ghandour et al., 1996; Singh and Tarafdar, 2001; Mayz et 
al., 2003; Hernandez and Cuevas., 2003; Naik et al., 2007), BPF (Sharma, 2003; 
Dwivedi et al., 2003; Chaudhari and Gavhane, 2005) or BNF+BPF (Alagawadi et 
al., 1988; Shinde and Bangar, 2003; Tiwari and Kulmi, 2005; Gupta, 2004; Zaidi 
and Khan, 2006; Afzal and Bano, 2008) in case of various crops including 
chickpea. There was significant effect of the interaction between P levels and 
biofertilizer treatments with regard to seed yield and all the yield components. 
Interaction P30 x BNF+BPF gave the highest value for seed yield, stover yield and 
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crop biomass. It was equally good for 100 seed weight and number of pods per 
plant. On the other hand, P30 x BPF was statistically at par with P30 x BNF+BPF 
for seed yield and stover yield. It was also at par with P60 ^ BNF+BPF, the best 
interaction regarding number of pods per plant and number of seeds per pod. Thus, 
P30 X BPF and P30 x BNF+BPF seem to be the paramount combinations of 
inorganic P level and biofertilizer for seed yield and yield components. These 
combinations (interactions) are also substantially economic as they resulted in a 
better seed yield compared to that obtained due to Peo alone, saving 30 kg P ha"' 
just by using biofertilizers with a nominal cost. Thus, the present results do not 
agree with the investigations which claim that ?60 and above (80-90 kg P2O5 ha'') 
could be the best P levels for the highest seed yields of chickpea and other legumes 
(Singh et al., 1997; Ayub et al., 1998; Sharma et al., 2000; Khanda et al., 2001; 
Bahadur et al., 2002; Kashid and Sabale., 2003; Tiwari and Pal, 2005; Yakadri and 
Murthy, 2006; Vashist and Yadav, 2009). In conformation with the present results, 
Ayub et al. (1998) claimed that they observed significant depressions in the seed 
yield and yield components of mungbean beyond 75kg P2O5 ha''. Moreover, 
Meena et al. (2003) recorded the highest values of pod number per plant, number 
of seeds per pod, length of pod and test weight as a result of phosphorus dressing 
at 45 kg P ha'' that was statistically at par with 60 kg P ha"'. Similarly, Walley et 
al. (2005) confirmed that phosphorus application at 40 kg P2O5 ha'' enhanced the 
vegetative growth of both the chickpea varieties (Desi and Kabuli), but significant 
enhancement in seed yield was observed only in case of desi variety. Further, 
Kumar and Kushwaha (2006) emphasized that application of P2O5 beyond 40 kg 
ha"' could be deleterious for pigeonpea. In contrast, the present results are in 
agreement with the findings which confirm that a combination of inorganic P level 
and P-biofertilizer could be a better fertilizer dressing to achieve maximum seed 
yield and improved yield components than by applying higher inorganic P levels 
(with massive cost) alone (Saraf et al., 1997; Jain et al., 1999; Meena et al., 2003; 
Singh et al., 2005; Afzal and Bano., 2008; Dutta and Protit, 2009). 
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4.4. Quality parameters 
The increase in seed-protein content due to application of inorganic P and that 
of N and P biofertilizers in the present investigation might presumably be ascribed 
to increased N content of leaves as a result of significant positive effect of 
application of inorganic P and N and P biofertilizers (Tables 3 and 5). The 
enhanced N-content might have increased the amino acid synthesis and, thereby, 
could have improved the seed-protein content via their translocation to seeds. 
Further, application of inorganic P and P biofertilizer might have proved effective 
due to assured P availability and its continuous utilization in the carbon skeleton 
and amino acid synthesis as well as in the synthesis of energy rich molecules such 
as ATP. This might have been responsible for the enhanced synthesis of protein 
during seed development. A significant effect of inorganic P and and/or N and P 
biofertilizer application on seed-protein content has been reported in case of 
chickpea (Gupta et al, 1998; Guhey, et al., 2000; Meena et al., 2003), groundnut 
(Elsheikh and Mohamedzein, 1998), lentil (Akhtar et al., 1987), Cassia tora 
(Naeem and Khan, 2005), mungbean (Sharma et al., 2000; Singh and Tarafdar, 
2001), soybean (Tiwari et al., 2005), green gram (Mitra et al., 2006). Furthermore, 
in this study, there was observed a beneficial effect of application of inorganic P 
and N and P biofertilizer treatments on seed carbohydrate content. The untreated 
plants recorded lowest value of carbohydrate concentration (Table 5). Since the 
interaction P30 x BPF and P30 x BNF+BPF resulted in the highest values, the 
increase of carbohydrate content in seed in this study could presumably be due to 
the improved phosphorus availability to the treated plants in view of the vital role 
of phosphorus in carbohydrate metabolism (Taiz and Zeiger, 2006). 
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CONCLUSION 
Phosphorus application at 30 and/or 60 kg P ha'' improved the growth 
parameters, physiological parameters, biochemical parameters, seed yield, yield 
attributes and quality parameters significantly compared to no phosphorus 
application (PQ). In most of the parameters studied, 30 and 60 kg P ha' was 
statistically equal. However, 60 kg P ha'' (P6o) proved significantly superior to 30 
kg P ha'' (P30) in case of fresh weight per plant, dry weight per plant, leaf-nitrogen 
and leghemoglobin content and seed yield. Combined N and P biofertilizer 
treatments (BNF+BPF), followed by the use of BPF alone, increased the dry 
weight per plant, leghemoglobin content, 100 seed weight, number of pods and 
seeds per plant and protein content to the highest extent compared to the 
biofertilizer control (BFo). As for the interaction between P levels and biofertilizer 
treatments, P30 x BNF+BPF was the best combination of inorganic P level and 
biofertilizer treatment in most growth parameters. Similar inference could be 
drawn in case of physiological parameters. Regarding the biochemical parameters, 
mostly P60 in combination with BPF or BNF+BPF proved the best. P30 ^ 
BNF+BPF equaled these interactions in leaf NRA and N content. The best 
interaction for seed yield and most yield parameters was P30 x BNF+BPF. 
Application of 60 kg P ha'' yielded significantly better than 30 kg P ha'' when used 
alone or with N biofertilizer {Rhizobium). However, application of inorganic P 
fertilizer at 30 kg P ha'' along with N+P biofertilizers yielded significantly better 
than 60 kg P ha'' used alone or with Rhizobium. Thus, the application of 
biofertilizers saved 30 kg P ha"'. As regards quality parameters, interaction P30 x 
BNF+BPF resulted in the highest seed protein content, while P30 x BPF gave the 
greatest seed carbohydrate content. Interaction P30 x BNF+BPF resulted either into 
the highest values or was equal to the best combination of P level and biofertilizer 
treatment in most parameters studied. In conclusion, since P30 x BNF+BPF proved 
the best interaction for seed yield, protein content and several other important 
parameters studied, it could be realized as the optimum combination of P level and 
biofertilizer treatment for chickpea production at Aligarh. 
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APPENDIX 
1. Nitrate reductase activity (NRA) 
1.1 O.IM Phosphate buffer (7.4 pH) 
27.2 g of KH2PO4 and 45.63 g of K2HPO4 .7H2O were dissolved separately 
in 1000 ml of DDW. The above solutions of KH2PO4 and K2HPO4 .7H2O were 
mixed in the ratio 16:84. 
1.2 O.2MKNO3 
20.2 g of KNO3 was dissolved in sufficient DDW and final volume was 
made up to 1000 mL, using DDW. 
1.3 5% Isopropanol 
5 mL of Isopropanol was pipetted into 100 mL volumetric flask and the 
final volume was made up to the mark with DDW. 
1.4 1% Sulphanilamide 
1 g of sulphanilamide was dissolved in 100 mL of 3N HCl, 3N HCl was 
prepared by dissolving 25.86 mL of HCl in sufficient DDW and final volume was 
maintained to 100 mL, by using DDW. 
1.5 0.02% N-1 nepthyl-ethylenediamine, dihydrochloride (NED-HCl) 
20 mg of NED-HCl was dissolved in sufficient DDW and final volume was 
made up to 100 mL, by using DDW. 
2. Carbonic anhydrase activity (CA) 
2.1 0.2 M aqueous cystine solution 
48 g of cystine was dissolved in 1000 mL of DDW. 
2.2 Phosphate buffer (pH 6.8) 
5.365 g of Na2HP04 and 2.78 g of NaH2P04 .2H2O were dissolved 
separately in 100 mL of DDW. The above solutions of Na2HP04 and NaH2P04. 
2H2O were mixed in the ratio 49:51. 
2.3 Sodium bicarbonate solution (0.2 M) 
16.8 g sodium bicarbonate was dissolved in sodium hydroxide solution (0.8 
g NaOH/L) and final volume was maintained up to 1000 mL with sodium 
hydroxide solution. 
(i) 
2.4 0.002% bromothymol blue 
0.002 g of bromothymol blue was dissolved in sufficient DDW and final 
volume was made up to 100 mL using DDW. 
2.5 0.05N hydrochloric acid 
4.3 mL pure hydrochloric acid was mixed with 5.7 mL DW. 
2.6 Methyl red indicator 
Pinch of methyl red was dissolved in sufficient ethanol and final volume 
was made 100 mL using ethanol. 
3. Legheanmoglobin content 
3.1 Sodium Phosphate BufTer (pH) 
It was prepared by separately dissolving 13.9 g of NaH2P04 and 26.82 g 
of Na2HP04 in sufficient DDW to make the volume of each solution to 1000 mL. 
These solutions were mixed in the ratio of 19:81 respectively. 
3.2 Alkaline Pyridine Reagent 
It was prepared by dissolving 0.8 g of NaOH in 50 mL of DDW and 
allowed to cool. 33.8 mL of pyridine was added to it and diluted to 100 mL with 
DDW. This produced 42 M pyridine in 0.2 M NaOH. 
4. Leaf nitrogen and phosphorus contents 
4.1 Sodium hydroxide solution (2.5N) 
100 g sodium hydroxide was dissolved in sufficient DDW and final volume 
was maintained up to 1000 mL with DDW. 
4.2 Sodium silicate solution (10%) 
10 g sodium silicate was dissolved in sufficient DDW and final volume was 
made up to 100 mL with DDW. 
4.3 Nesslers' reagent 
3.5g potassium iodide was dissolved in 100 mL DDW in which 4% 
mercuric chloride was added with stirring until a slide red precipitate remains, then 
120 g NaOH was mixed with 250 mL DDW. The mixture was kept in amber 
colored bottle. 
4.4 Molybdic acid 
6.25 g ammonium molybdate was dissolved in 175 mL ION H2SO4. 
(ii) 
4.5 Aminonephthol sulphonic acid 
500 mg l-amino-2-nephthal-4-sulphonic acid was dissolved in 195 ml of 
5% sodium bisulphate to which 5 mL of 20% sodium sulphite solution was added. 
The solution was kept in an amber colored bottle. 
4.6 Sulphuric acid (ION) 
27.2 mL concentrated sulphuric acid was mixed with 72.8 mL of DDW. 
5. Carbohydrate estimation 
5.1 I.5NH2SO4 
40.8 mL of concentrated H2SO4 (AR) was pipette into sufficient DDW and 
final volume was made up to 1000 mL, using DDW. 
5.2 5% Phenol solution 
50 g of distilled phenol was dissolved in sufficient DDW and final volume 
was made up to 1000 mL by DDW. 
6. Protein estimation 
6.1 5% trichloroacetic acid (TCA) 
5 mL of TCA was mixed with 95 mL of DDW. 
6.2 INNaOH 
40 g of NaOH was dissolved in sufficient DDW and final volume was 
made up to 1000 mL, by using DDW. 
6.3 Reagent A 
2% Sodium carbonate (2 g dissolved in 100 mL DDW) and 0.1 N NaOH 
(4g NaOH dissolved in 1000 mL) was mixed in the ratio 1:1. 
6.4 Reagent B 
0.5% copper sulphate (500 mg CUSO4 dissolved in 100 mL) and 1%) sodium 
tartarate (1 g sodium tartarate dissolved in 100 mL DDW) were mixed in the ratio 
1:1. 
6.5 Reagent C 
50 mL of reagent A was mixed with 1 mL of reagent B. 
6.6 Reagent D (Carbonate- CUSO4 Solution) 
Same as reagent C, except for omission of sodium hydroxide. 
(iii) 
6.7 Folin's phenol reagent (£) 
100 g of sodium tungstate and 25 g of sodium molybdate were dissolved in 
700 mL of distilled water to which 50 mL of 85% phosphoric acid and 100 mL of 
concentrated hydrochloric acid were added. The solution was reflected on a 
heating mantle for 10 hours. At the end, 150 g of lithium sulphate, 50 mL distilled 
water and 3-4 drops of liquid bromine were added. The reflex condenser was 
removed and the solution was boiled for 15 minutes to remove excess bromine, 
cooled and diluted up to 1000 mL. The strength of this acidic solution was 
adjusted to IN by treating it with IN sodium hydroxide solution. 
(iv) 
